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REQUIREMENTS 

GENERAL 

4-YEAR  SATELLITE  LIFE 
(SSUS/A  OR  SSUS/D) 

PAYLOAD  < 400  LB 

GPS  & TRUNK  ING  NOT  S IMULTANEOUS  (ALSO  OPTION  2) 

SS-TDMA  REROUTING  FOR  BBP  FAILURE 
IMPATT  AN  D TWP  S (40  WATTS  @ 40%) 

MCC,  see  IN  GLEVELAND  (GPS,  TRUNKING  &T&C)  - GPS  OR  TRUNK  OPERATION 
3W  (DOWNLINK)  ANTENNA,  51  dBii  3°  OFFSET  (FilXED  BEAIVI),  SAWE  UP/DOWN  HPB 
GLOSED  LOOP  SYSTEfA  TIMING 


2 ADJACENT  SEGTOR  SCANS  (2X  10%  CGHUS  COVERAGE)  +3  SPOTS 
INDEPENDENT  UP/DOWN  SCANNING 
FREQUENCY  REUSE  VIA XPOL 

TDMA  FORMAT,  BBP  (MODEMS.  CODECS,  STORAGE,  SWITCHING,  REFORMATTING), 
SCALEABLETO  480  MBPS 

ADAPTIVE  FEC  15/6  dB 

UPLINK  4X  30  MBPS  (27.5  MBPS)  OR  IX 120  MBPS 
DOWNLINK  240  MBPS 
RESERVATION  SCHEME 

OPTION  1 (2X30  MBPS  INPUT,  120  MBPS  OUTPUT) 

OPTION  2 (FDMA  WITH  POWER  DIVERSITY) 

TRUNK 

4 FIXED  BEAMS  (PLUS  2 ALTERNATIVES) 

SS-TDMA  § 256  MBPS;  IF  SWITCHING  - SCALEABLETO  20X  20 

ANTENNA  DIVERSITY,  18/8  dB,  10"%0'^  BER  (ATMOBEM)  FOR  RAIN  Z(MES  FDE 

PREASSIGNED 


DEMONSTRATION  SYSTEM  ELEMENTS 


The  satellite  system  described  herein  consists  of  the  four  elements  depicted 
Launch  Vehicle,  Mission  Operation  System  and  the  Ground  Network. 


on  the  opposite  page,  e.g.,  the  Satellite, 


The  sateUite  elem^^  the  software  to  test  the  satelUte,  integrate  it  with  the  AKM  and  launch  vdiicle  at  ETR 

and  includes  t^t  sof^are  portion  that  adapts  the  launch  and  on-orbit  software  to  the  particular  satellite  design  e r 

sensor  geometries,  thruster  calibrations,  command  and  telemetry  formats  and  functions,  etc.  ’ * * ’ 


The  Launch  Vehicle  element  includes  the  normal  interface  engineering  between  the  STS,  SSUS-D  and  satellite  as  well 
as  integration  and  safety  considerations. 


The  MOS  element  includes  launch  and  on-orbit  activities,  inelurting  facilities, 
puting  and  communications  costs.  Four  years  of  O&M  are  assumed. 


equipment,  personnel,  software. 


com- 


The  Groimd  network  consists  of  an  antenna  diversity  type  trunking  earth  station,  a TDMA  CPS  type  earth  station,  an 
ophoo^  FDm  CPS  ^ earth  station  and  a master  control  center  for  the  pnrp.;se  el  coord^t^ti 
network  activities  (it  is  assumed  that  additional  trunking  and  GPS  earth  stations  wUl  be  available) . 
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SATaitTE 

• PAYLOAD 

• BUS 

• AGE 

• SOFTWARE 

• LAUNCH  SUPPORT 


LAUNCH  VEHICLE 

• SSUS-D/AKM 

• ADAPTOR 

• JNTEGRATION/SAFETY  & INTERFACE  ENGINEmiNG 

MOS 

• STDN  (S-BAND).  GSFC,  LeRC 

• TAC 

• SATaLITE  CONTROL  CENTER  (SCO 

- HARDWARE 

- SOFTWARE  (SATaL  ITE  CONTROL) 

- CONSULTATIONS 

• UUNCHTEAM 

• CONTRACTOR  INPUTS 


bKUUNUNhlWORK 

• CPS  EARTH  STATIONS,  (TDMA  + OPTION  2) 

• trunk  EARTH  STATIONS 

• MASTER  CONTROL  CENTER  (MCO 


- HARDWARE 

- SOFTWARE  (EXPER IMENTS  CONTROL) 

PROCEDURES  (EXPER  IMENTS  OPERATIONS) 

- O&M 


- COMMUNICATIONS 


SS3 

SPACE  SYSTEMS  CMVISJON 


r . ■ ■ ■ 
ir-:/' 

p “niADEOFF  SUMMARIES  FOR  DESIGN  OPTIMIZATION 

(COMMUNICATIONS) 

I The  sat^ite  conc^t  features  a large  (10*)  deployable  antenna,  with  two  scanning  beams,  four  fixed  beams  plus  monc^se 

I sensi^  for  roll,  pitch  and  yaw,  a processor  for  antenna  control,  Mt  regeneration,  adaptive  FEC,  switching  and  reformatting 

I power  (40  watt)  TWT  ^d  IMPATT  amplifiers.  This  challenging  techEology  requires  a thoughtful  analysis  of  trade- 

i options,  and  risks  to  achieve  a design  optimized  for  the  NASA  ejq)erimental  mission.  The  next  three  charts  highlight 

[f  some  of  the  considerations  leading  to  the  proposed  design.  & 

t'-. 

I In  the  communications  area,  summarized  at  the  right,  the  antenna  system  offers  substantial  optimization  chaUenges  with 

I regard  to  performance,  weight  and  physical  arrangement  both  during  launch  and  on-orbit  and  also  have  TisV  implicaUons 

I regard  to  beam  pointing  during  the  mission  as  well  as  successful  deployment.  The  processor,  patterned  after  the 

I Motorola  design  provides  the  fimctions  described  above  but  also  can,  vdth  ground  command  assistance,  change  the  hpaT^ 

; scanning  sequence,  reallocate  TDMA  burst  times,  reallocate  routes  and  control  the  adaptive  FEG  feature.  The  GE  design 

incorporates  Oiese  features  and  functions  with  a minimum  of  on-board  automony;  however,  many  aspects  of  the  system 

I architecture  and  requirements  need  further  clarification  and  optimization. 

Finally,  the  optimized  design  includes  the  items  to  be  built  and/or  specified  by  GE  including  TWT  and  IMPATT  amplifiers. 
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COMMUNICATIONS 
1 VS  2 ANTENNAS 
PFFVS  CASSEGRAIN 
VPDVS  SWITCH 
OPTIMIZED  MONOPULSE 
CELL  SIZE 

UPLINK/DOWNLINK  OPTIMIZATION 
SINGLETS  VS  TRIPLETS 
MOTOROLA  PROCESSOR 

GE  SS-TDMA  SWITCH,  LNR'S,  VPD'S,  HORNS,  EPC 
OPTIONS  IMPACT 

HAC  :DDTWT  AND  IMPATT  AMPLIFIER 


tbadeow  sdmubv  for  design  optimization 

(SPACECRAFT  BUS) 


V Hot,  mid  tvoe  to  acMeve  the  best  antenna 

Sp.cec«ftbusIraaeo«s-Iuaea 

mechanisms.  ^Whm.  Materials.  feWcattoa  mettoas 


systems  to  tne  

proven  mechanisms.  _ . i^ir  fabrication  methods, 

inPd  for  effects  on  antenna  gain  and  beam  pomting. 

reoommenaeaaesign.  , to  beWeUproren  vertical  laaachSSOS-D 


pointing  anu  to * 

recommended  design.  Honal  (to  beV  vrell  proven  vertical  launch  SSUS-D 
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TRADtOFF  SUMMARY  FOR  DESIGN  OPTIMIZATION 
(SPACECRAFT  BUS) 


ssm 

SPACE  SYSTEMS  nVtSKm 


• M IN  IMUM  COMPLEX  ITY  FOR  DEPLOYMENT  MECHAN I SMS 

- ARRAY 

- S INGLE  (WNDSAT  D)  POWER  H INGE  FOR  ANTENNA 

- NO  FEED  DEPLOYMENT 

• i'aNtSnA  thermal  distortion,  MISALIGNMENTS  - 

• VERTICAL  SSUS-D  LAUNCH 


TRADEOFF  SUMMARY  FOR  DESIGN  OPTEVnZATION 

(MOS) 


t^o..  x.c« 

• launch  planning  and  continpf!nf»y  planning 

• launch 

• on-orbit  O&M 


Costs  were  a principle  determinant  in  these  considerations. 


GENERAL 

ELECTRIC 


TRADEOFF  SU/VUVIARY  FOR  DESIGN  OPTIIVIIZATION 

(MOS) 
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SYSTEMS  OTVIStON 


• S-BANDn&C  AND  RANGING  (BSGBS-II) 

• MSOCC  (GSFC)  LAUNCH  WITH  NASCOM/STDN 

• NASA  LAUNCH  HARDWARE  SOFTWARE 
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FIXED  S-BAND  TAC  AT  CLEVELAND  (LA) 

LSlONr^°“^^“  IN  CLEVELAND,  STON  BACKUP;  OR  SEPARATE  SCC-MCC 
SCC/MCC  SHARE  USE  OF  MIN  I COMPUTER 

LeRC  (OR  GSFC  OR  CONTRACTOR)  OPERATES  SCC/MCC 


FEATURES  OF  GE  APEROACH 


The  features  of  the  GE  design  are  summarized  at  the  ri^t.  Considering  the  impact  of  a large  Ka-band  antenna  on  satellite  design 
and  the  established  DOMSAT  carrier  trend  for  the  SSUS-D  spacecraft  the  single  reflector  approach  will  be  favored  for  oper- 
ational use.  This  not  only  minimizes  antenna  weight  and  simplifies  deployment  but  impor*^  ^ ily,  also  minimizes  thermal  dis- 
tortions and  other  mechanical  misalignments.  Ih  the  GE  design,  the  monopulse  feeds  for  Cleveland  and  LA  (roll,  pitch  and  yaw 
sensors)  are  embedded  into  the  single  antenna  system  such  that  the  spacecraft  3-aids  steering  points  the  spacecraft  so  as  to 
minimize  antenna  beam  pointing  errors  (spacecraft  is  not  aligned  with  the  local  vertical  as  is  normally  done).  Consequently, 
pointing  errors  are  only  the  result  of  relative  distortions  in  the  BFN  and  reflector  assembty  that  cause  one  beam  to  move  rela- 
tive to  others.  Based  on  extensive  GE  thermal  analyses  these  errors  are  well  within  acceptable  ranges. 

The  penally  for  a single  reflector  but  with  separate  independent  beam  forming  networks  is  a loss  in  performance,  either  uplink 
or  downlink  gain,  or  both,  of  the  order  of  1 dB.  In  a larger  sense  this  loss  in  antenna  performance  may  be  more  than  com- 
pensated by  the  approximate  wei^t  savings  of  50  pounds  which  could  be  used  to  generate  more  prime  power,  add  transponders, 
etc. 

Use  SSUS-D,  which  is  e^5)ected  to  be  the  "work  horse"  of  STS  synchronous  latmches,  is  the  lowest  cost  launch  arrangement 
and  the  small  SSUS-D  class  satellite,  being  a -miniTnum  wei^t  also  will  be  lowest  in  cost,  with  more  than  ample  weight  margins. 
This  is  believed  to  be  the  -miniTnu-m  cost  ^proach  since  it  avoids  the  larger  SSUS-A  and  ETS  (proportional)  cost,  and  the  cost  of 
duplicating  larger  satellites  even  if  the  SSUS-D  ^^proach  involves  spacecraft  bus  design  costs. 

The  BSE-BS  II  3-axis  spacecraft  bus  makes  available  standard  GE  3-axis  components  requiring  a minimum  of  modification,  such 
as  attitude  control,  secondary  propulsion,  thermal,  TT&C,  power  system  including  r^ulation  and  housekeeping  batteries,  and 
monopulse  attitude  sensing.  The  array  power  needs  to  be  increased  from  900  watts  to  1100  watts;  however,  the  battery  system, 
attitude  control  and  other  subsystems  are  adequate  for  the  NASA  mission.  Increase  in  the  size  and  strength  of  the  structure  is 
needed;  however,  the  same  basic  structural  elements  (ribs,  cones,  cylinders,  etc),  materials,  fastenings  and  procedures  will 
be  used.  The  BSE/BS  II  bus  uses  heat  pipes  to  conduct  heat  away  from  the  TWT  bodies  and  to  distribute  this  heat  over  the 
radiator  for  space  radiation.  The  same  design  will  be  used  for  the  SSUS-D  satellite. 

The  BSE/BS  U bus  uses  S-band  T&C  and  an  S-band  turnaround  tran^mnder  for  ranging.  Consequently,  flie  satellite  is  com- 
patible with  launch  by  NASA  STDN/NASCOM  facilities  imder  GSFC  Code  500.  Eiq>erienced  NASA  personnel  and  NASA  software, 
fiicilities  and  computers  are  also  available  so  that  a minimum  out-of-pocket  launch  cost  can  be  accomplished.  The  contractor  must 
provide  support  to  ETH  and  GSFC  activities,  update  software  to  make  it  satellite  compatible,  provide  T&C  software  and  an  on- 
orbit  satellite  control  team.  An  S-band  T&C  tracking  antenna  is  available  at  GSFC  (which  may  have  to  be  time  share<^ . While 
TDRS  plans  call  for  some  reduction  in  STDN  it  is  expected  that  an  aniple,  residual  STDN  facility  will  be  available  to  stpport 
NASA  geosynchronous  missions  including  the  Wideband  Demonstration. 

POC  technology  used  in  the  GE  concept  are  Processor,  SS-TDMA  switch,  TWT,  IMPATT,  FDMA;  antenna  technology 
is  similar  to  that  of  the  POC  programs  but  will  be  a GE  design. 

Finally,  DCC  has  proposed  a CPS  aggregate  rate  MODEM  that  permits  demodulation  and  detection  at  the  fiiroughput  rate  of  the 
earth  station  instead  of  at  the  burst  rate.  This  technology  can  have  a significant  effect  on  CPS  earth  station  cost. 


FEATURES  OF  GE  APPROACH 
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S INGLE  lO*  ANTENNA 

• MINIMIZE  WEIGHT 

• SIMPLIFY  DEPLOYMENT 

• MINIMIZE  EFFECTS  OF  THERMAL  DISTORTION  AND  MISALIGNMENT 

SSUS-D  (VERTICAL)  UUNCH 

• MINIMUM  COST 

• STANDARD  HARDWARE  AND  PROCEDURES 
BSE/BS  1 1 BUS 

• 3-AXIS,  MONOPULSE  STEERED 

• LIGHTWEIGHT.  SUN  TRACKING  SOLAR  ARRAY 

• PROVEN  THERMAL  DESIGN  TECHN IQUES 

NASA  LAUNCH  (S-BAND) 

• MSOCC 

• STDN/NASCOM 

• NV.XIMUM  USE  OF  NASA  HARDWARE  AND  SOFTWARE 
MAXIMUM  POC  TECHNOLOGY 

AGGREGATE  RATE  MODEM 


DEMONSTRATION  SYSTEM  CONCEPT 


The  DemoMtra^n  System  Conoept  consists  ot  a CPS  TDMA  system  based  on  the  use  of  on-board  proeesslng  with  two 
_ aiM,  and  an  IF  type  trunking  SS-TDMA  system  with  four  fixed  beams.  An  option  for  FDLIA  using  fixed  beams  is  included 
The  ^o  scan^  te^^are  connected  to  the  processor  via  the  redundant  ring  switched  receivers.  The  upUnk  signals  are  * 
then  demnltipteed  mto  lour  27  6 msps  and  one  110  msps  carriers  for  each  beam.  Processor  ou^ts  consist  of  ^110  msps 

l’  T a”"  scanning  beam.  Each  CPS  TDMA  carrier  is  amplified  by  one  of  the  amplifier  chains  to  the 

40  watt  level.  Amplifier  redundancy  is  provided  hy  a reserve  IMPATT. 

to  the  tri^  mode,  fixed  beam  SS-TDMA  carriers  are  received  on  the  LA,  Cleveland,  Houston  or  OT  and  DC  or  Tampa 
tea^,  (4  t^).  throng  lour  receivers  to  the  in>ut  of  the  SS-TDMA  switch  network.  The  DC-Tampa  beam  has  a 
programmable  LO  to  account  for  the  frequency  offset  of  the  DC  carrier.  After  conventional  SS-TDMA  switchimr  the  four 

each  amplified  by  the  ampUflers  backed  up  by  IMPATT  amplifiers.  Microwave  switoMng  at  the 
output  Oa.  the  power  amplifiers  routes  the  signals  to  the  proper  antenna  port. 


Either  CPS  operation  or  trunk  operation  is  provided  for. 

^r  the  option^  FDMA  operation  the  EDMA  routing  assembly  is  switched  to  the  four  fixed  beams,  but  at  IF  via  the  FDMA 
V ^ ^ to  toe  other  four. 

each  TWT  will  be  linearized  by  backoff  in  order  to  control  intermodulation  power.  ^ 

Note  that  an  ^^tion  also  emsts  for  reduced  GPS  operation  by  eliminating  one  scanning  beam,  augmenting  the  remaimng 
si&ials^  isolated  spots  and  by  reducing  the  processor  capability  to  two  27. 5 mq)s  inputs  and  one  110  msps  output 
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TO  MONOPULSE 


CLEVELAND 


SECTOR  1 
SCANNER  fl) 


SECTOR  2 
SCANNER 


SV/ITCH 


S I ■■J 

■Jto 

FDMA 


4 30  MBPS 
OR  < 
1 120  MBPS  ' 
INPUTS 


Rx  LO  PROCESSOR 
LO 

(PROGRAMMABLE) 


OPTION  V 

(1)  ADD  3 BEAM  POSITIONS 

(2)  DELETE 

(3)  REDUCED  CAP,  2 CH  INPUT  MUX 


FROM  FIXEq 
BEAM 

DIPLEXERS- 

"O" 


5S-TDMA 

SWITCH 

ASS’Y 


CONTROL 

VARIABLE 

ATTB40ATOR 


— -ifr- 

FROM  FOMA 


IPROCESSOR 
4 ASS*Y 


40  W ^ 401 

l-b-a- 

^ PAT  T) 


CLEVELAND 


FROS.1 

FDMA 


r^wil 


►TAMPA 


SECTOR  J 
► SCANNER 


SECTOR  2 
SCANNER 


|lo|lo|  |ijo|lo| 

PROCESSOR  Tx  LO 
LO 

. TO  FIXED  (PROGRAMMABLE) 

► BEAM 
"DIPLEXERS 
" "0" 


\ CONTROL  I 


I (OPTION  2) 


SINGLE  ANTENNA  ORBITAL  CONFIGURATION 


GHz  10’  rSSdTSd  l^^cking  solar  arrays  and  a single  30/20 

......  »^.-w,„„. 


sou 

1.1  KW 


IE 

) 


NNING  ASG0 
G SOLAR  ARl 
M1473LB  B 


SINGLE  ANTENNA  LAUNCH  CONFIGURATION 


During  launch  the  s^Uite  is  attached  to  the  vertically  oriented  perigee  motor  of  the  SSUS-D,  supported  by  the  SSUS-D 
cradle.  A spin  table  imparts  spin  momentum  just  prior  to  STS  separation.  The  solar  arr^s  are  folded  along  side  the 
spacecraft  bo<fy  (two  panels  eacl^  and  the  rigid  30/20  GHz  reflector,  located  over  the  top  of  the  spacecraft,  is  deployed 
by  a powered,  single-axis  hinge.  The  drawing  at  the  right  is  a side  view  showing  the  projection  of  the  fixed  feed  system 
with  the  T&C  omni-antenna  attached.  Another  T&C  omni-anteima  is  located  on  the  reflector  back  side.  The  power  hinge 
arm  assures  the  correct  F/D  ratio  after  deployment.  Since  the  sateUlte  assembly  spins  inside  the  STS,  the  r^juired 
STS  bay  length  of  15  feet,  is  determined  by  the  feed  projections.  * 
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STS/SSUS-^D  SPACECRAFT  WEIGHT  SUMMARY 


margin  of  SlSd  ^^aSto  “« 

TimSotaa:rran'™f„:raSa-S?rr^^^^ 


- ^rriWilfitfllBfebiiW.1.  ■ -.^ — - <>4W<li*»WiAVj»«.r.-g»!a»*..r..«^ 
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STS/SSUS-D  SPACECRAFT -WEIGHT  SUMMARY  - 
4YEAR  MISSION  1100  WATTS  EOL  POWER 


SPACE  SYSTEMS  DIVISIOPI 


SUBSYSTEM 

WEIGHT  (POUNDS) 

ATTITUDE  CONTROL 

B.3 

TH01MAL  CONTROL 

55.0 

POWER 

284. 0 

SPS  (DRY) 

55.4 

AKM  (DRY) 

68.8 

n&c 

24.0 

STRUCTURE 

170.0 

BALLAST  & ESD 

15.0 

TOTAL  HOUSEKEEPING 

745.5 

SPS  FUEL  (4  YEARS) 

190.0 

AKM  PROPaLANT 

1277.2 

PAYLOAD*  & MARGIN 

537.3 

TOTAL  LAUNCH  WEIGHT 

2750.0 

PAYLOAD  INCLUDES: 

- TRANSPONDERS 

- ANTENNA 

- ANTENNA  AN D FEED  SUPPORTS 

- ANTENN  A DEPLOYMENT  MECHAN I SMS 


payixdad  weight  and  power  summary 


of  Option  1 (reduction  of  scanning  capacify  to  one  beam  with  reduppri  n ^ ex^rimental  ^ssion.  Implementation 

220.4  pounds.  Implementation  of  Option  2 (PDMA)  reduces  maruln  to  ^rou^put)  increases  this  mai^  to 

aperture  adds  49. 9 pounds  to  the  p^load  or  39^4  4o^  ^ ^0  GHz 

ation  of  the  30  GHz  antezoa  not  done  primax^y  from  a conaL^orof^!^“  “ eaoeede^.  The  eltmln- 


hiSJC  amplifiers  are  in 

Elimi nation  of  the  baekup  IM^ATT  modA  -rAdn^oo  rw  tablishes  the  1100  watt  end-of-l!fe  requirement 

au.  m addmon.  the  tsless^““|ter 

appUcation  for  IMPATTS  would  be  a 30  GHz  or  20  GHz  beacon  for 
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PAYLOAD  WEIGHT  AND  POWER  SUMMARY 


s^ACBStsrms  omsiou 


♦ 

BASELINE 

WT 

LB 

DAYTIME  PWR 
WATTS 

NIGHTTIMEPWR 

WAHS 

t 

ANTENNA  ASS'Y 

169.6 

24 

0 

l-a 

RECEIVER  ASS'Y 

81.4 

37  - 200 

0 

: i 

TRANSMITTER  ASS'Y 

95.5 

818-416.9 
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* TRUNK  - CPS  MODE 

“ ADD  49. 9 LB  FOR  SEPARATE  RECEIVE  ANTENNA  ASSEMBLY 
NOTE:  TRUNK.  CPS,  FDMA  NOT  S IMULTANEOUS 


TWO  ANTENNA  ORBITAL  GGN]?IGURATION 


on 


that  described  previously. 


TWO  ANTENNA  LAUNCH  CONFIGURATION 


sIdeya»ons  layor  the  single  refleetor  awroach  and  this  is  the  ^pproaeh 
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CPS  EARTH  STATION  CONFIGURATION 


band  processor.  The  upHi^b^sf  op^rate^^^  eithi^^2^7To^  scanning  beam  and  base- 

a downlink  burst  at  220  msps.  Adaptive  FEC  and  rate  diversity  are^sed  to  ^ receives 

i?)Unk  fedes  and  6 dB  downlink  fades.  Rain  fade  is  measured  £ e^tiTnaHn^fV  ^ overcome  ^icaUy  15  dB 

ing  this  information  to  a central  Master  Control  Center  for  ac^n  The  ^ster^Co^l  C Y demodulator  and  relay- 
signaUing  and  switching  and  control  experiments  procedures  ^ ^ provides  network 

by  the  satellite  baseband  processor  plus  additional  TiPtn/n-rV  * f « iniog  is  derived  from  a imigue  word  generated 

are  p^vided 

tarn  frequency  lock  by  transmitting  a reference  earriPr  fnoTr,  co+raii  * *1-  f areiiite  drift*  It  is  desirable  to  main- 

multiple  of  the  burst  rate  to  lock  the  CODEC.  A unique  feature  of  this  ^ ^ 

is  an  ”aggrec:ate”  rate  MODPM  ^ j r j.-  arrangement,  proposed  as  a cost  reduction  Item 

burst  ^ SSrf^? t“C  rate  rather  than  at  the 
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CPS  EARTH  STATION  CONFIGURATION 


SPACE  SYSTEMS  DIVISION 


INPUTS 

VOICE, 

DATA, 

VIDEO 


• GOMPATIBLE  WITH  SCANNER  ANTENNA 

• 27.5/110  MBPS  UPLINK  BURST 

• 220  MBPS  DOWNLINK  BURST 

• ADAPTIVE  FEC  (15/6  dB  FADE) 

• GONVENTIONAL  MODEM  OR 
"AGGREGATE  RATE  DEMOD" 

• COHERENT  DOWNLINK,  PILOT  OPTION 

• CENTRAL  CONTROL  (MASTER  CONTROL  CENTER) 

• 64  KBPS 

• OPEN  LOOP  SATELLITE  DRIFT  CORRECTION 


RF  PARAMETERS 

• 20/30  WATTS  HPA 

• 600®K  NOISE  TEMP. 

• 1 GHz  IF,  DUAL  CONVERSION 

• SINGLE  THREAD  OPTION 

• 3/5  M ANTENNA 


TRUNKING  EARTH  STATION 


maSSrnrraf ^ switching.  Hiputs  are  at Tl levels  or  higher 
diversity  via  a fiber  optics  interconnect  link  Both  «rtaHn  ^ if’  feature  of  this  station  is  its  use  of  antenna 

In  normal  operation  they  transmit  and  receive  on  alternate  fra^eftt  equipment  complement  and  are  energized, 

times.  I^aringperiods^f  .ainfades 

for  operation.  A fixed  delay  le  ueed  to  con.peneato  for  toe  Uerent  aateS^e^f  toe^  “a""”  " 
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TRUNKING  EARTH  STATION  CONFIGURATION 


SPACE  SYSTEMS  DIVISION 


TO  FIBER 


QCPSK,  256MBPS 

FIBER  OPTICS  INTERCONNECT  (ANTENNA  DIVERSITY) 
REFERENCE  STATION  SYNCHRONIZATION 
MAIN  & STANDBY  STATIONS  ENERGIZED 
4x4  SS-TDMA  IF  SWITCH 
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items  foe  concern 


wfntr  d at  the  begto 

ments  and  the  overall  sv  stem  ST-oK  f Processor.  The  current  nmo-n  to  be  avadablp  a 
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ITEMS  FOR  CONCERN 

(POTENTIAL  IMPACT  ON  PHASE  III  SCHEDULES  AND  COSTS) 


STAGE  SYSTEMS  OfVf SION 


• TWT  DEVaOPMENT  AND  RELIABILITY  DEMONSTRATION  (EXTENSION  OF  POC) 

- HAC  - EDD  SHOULD  BUILD  AND  TEST  A PROTOTYPE 

- HAC-EDD  SHOULD  IN  ITIATE  PROTOTYPE  LIFE  DEMONSTRATIONS 


• PROCESSOR  AND  RELIABILITY  DEMONSTRATION  (EXTENSION  OF  POC) 

- NASA  SHOULD  ESTABLISH  COMPLETE  PROCESSOR  REQUIREMENTS- 

- MOTOROLA  SHOULD  COMPLETE  SYSTEM  ARCHITECTURE 

- MOTOROLA  SHOULD  REASSESS  "MEMORY"  TECHNOLOGY 

- MOTOROLA  SHOULD  BUILD,  TEST  A COMPLETE  BRASSBOARD 

- MOTOROLA  SHOULD  QUALIFY  PARTS 
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ELECTRIC 


COMMUNICATION  AND  TT&C  SYSTEMS 


550 

SPACE  SYSTEMS  OlVISlOH 


• SIX  NODE  NETWORK:  NODES  AT  LOS  ANGELES,  HOUSTON,  CLEVELAND,  TAMPA 

WASHINGTON,  D.C.,  AND  NEW  YORK 

• MASTER  CONTROL  CENTER  I S AT  CLEVELAND 

• ANY  FOUR  NODES  SIMULTANEOUSLY  ACTIVE 

• SS-TDMA  SYSTEM,  256  MBPS  BURST  DATA  RATE,  NODES  INTERCONNECTED  BY  MEANS 
OF  AN  IF  SWITCH  AT  THE  SAT^LITE 

• SYSTEM  COMMUNICATION  CAPACITY  APPORTIONED  AMONG  EARTH  TERMINALS  ON  A 
PREASSIGNED  BASIS  VIA  THE  PROGRAMMING  OF  THE  IF  SWITCH  INTERCONNECT 
SEQUENCE 

• SATELLITE  SWITCH  IS  NETWORK  BURST  TIME  REFERENCE 

• EARTH  TERMINALS  MAINTAIN  SYNCHRONIZATION  BY  A CLOSED  LOOP  THROUGH  THE 
SWITCH  AT  THE  LOOP-BACK  TIME 

• ORDERWIRE  INCLUDED  IN  LINKS  TO  CLEVELAND 
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TRUNKING  SERVICE  CONCEPT 


TRUNKING  SERVICE  DESCRIPTION 


Trunking  services  are  provided  to  four  nodes  at  Los  Angeles;  Cleveland;  New  York  or  Houston  and  Wa^ingttm,  D.  C. 
or  Tampa.  These  nodes  are  serviced  hy  six  fix-pointed  satellite  antenna  beams. 

Coivtrol  of  the  network  is  exercised  by  the  Master  Ccrntrol  Center  (MCC)  located  In  Cleveland.  The  MCC  Includes  a 
terrestrial  communications  line  to  the  Telemetry,  Tracking  and  Command  (TTAQ  station  located  at  GSFC  by  means 
of  which  the  trunking  portion  of  the  payload  is  controlled.  This  S-Tband  station  is  used  to  receive  the  spacecraft  bus 
and  payload  telemetry  and  to  transmit  commands  also.  Li  addition,  along  with  a similar  station  at  Los  Angeles,  it  pro- 
vides the  satellite  tracking  functions  via  an  onboard  turnaround  transponder.  The  LA  station  provides  telemetry  and 
command  backup. 

The  Cleveland  and  Los  Angeles  terminals  also  transmit  a circularly  polarized  pilot  signal  to  the  satellite  for  monopulse 
sensing  of  the  ^>acecraft  attitude. 

Earth  stations  within  a beam  share  a common  r?)link  and  downlink  carrier  frequency  through  the  use  of  time  division 
mult^le  access  (TDMA)  of  the  satellite  receiver,  for  uplink  operation,  andTDMA  of  the  satellite  transponder  trans- 
mitter for  downlink  operations.  Uplink  and  downlink  carrier  frequencies  are  28.  75  GHz  and  18.95  GHz,  respectively, 
for  all  nodes  except  that  at  Washington,  D.  G. , for  which  the  frequencies  are  28. 45  GHz  and  18. 65  GHz.  The  dafa  burst 
rate  is  256  Ml5>s  for  all  transmissions. 

Nodes  are  interconnected  at  the  satellite  by  means  of  an  IF  switch  which  provides  aU  required  beam  Interccnnects  within 
a 1 msec  frame  time.  This  preassigned  interconnect  sequencp  repeats  until  the  switch  is  reprogrammed  by  commands 
from  the  MCC.  Interconnect  time  between  beams  is  apportioned  according  to  the  traffic  between  the  nodes  serviced  by 
the  beams. 

All  earth  terminals  operate  In  synchronism  with  the  satelUte  switch  using  the  loopback  time  provided  in  each  jfirame, 
during  which  time  the  iq>link  transmissions  from  a node  are  returned  to  that  node,  to  measure  and  •maintain  synchronization. 

An  or^rwire  is  provided  between  all  earth  terminals  and  the  MCC  for  coordination  of  the  network  and  to  provide  satellite 
ephemeris  data  to  aid  Initial  synchronization  of  terminals  ente-ring  the  network. 

Earth  terminals  in  the  trunking  service  use  a combination  of  high  EIRiP  and  G/T  and  spatial  diversity  to  compensate  for  rain 
induced  fading  of  18  dB  on  the  uplinks  and  8 dB  on  the  downlinks. 


HOUSTON 


TRUNKING  SERVICE  DOWNLINK  ERAME  STRUCTURE 


The  trunking  service  frame  structure  is  summarized  hy  the  downlink  structure.  A superframe  consistii^  of  512  TDMA 
frames,  each  1 msec  long,  defines  the  intervals  at  which  flie  network  can  be  reconfigured,  tt  is  sli^tly  hmger  the 
double  loop  time  between  an  earth  terminal  and  the  MCC. 

Within  each  TDMA  frame  connectivity  is  provided  between  all  nodes  including  loop  back  of  each  node  to  in  addition, 

time  is  provided  for  the  reference  station,  part  of  the  MCC,  to  achieve  synchrcmization  with  the  switch.  Trans-  * 

missions  for  this  purpose  take  place  during  the  intervals  denoted  SS.  Having  achieved  synchronization  with  the 
switch,  a reference  burst  is  transmitted  from  the  r^erencs  station,  alternately  from  the  prime  and  diversity  sites,  within 
each  change  in  state  of  the  switch.  These  bursts  provide  the  information  requiiced  ty  the  earth  stations  to  acquire  and 
maintain  synchronism  with  the  switch.  During  the  loopback  switch  state  a sync  window  is  provided  'which  syn- 

chronization transmissions  from  the  earth  stations  are  returned  to  them  to  establish  their  timing  or  phasii^,  with  re^ct 
to  the  switch  cycle  and  to  track  the  switch  for  closed  loop  tracking.  Timing  of  the  transmissions  for  initial  ent^  <£  an  earfii 
terminal  into  the  network  is  provided  via  an  ordervdre  from  the  MCC  wMch  enables  the  terminals  to  r^idly  align  them- 
selves with  the  sync  window. 

With  each  change  in  the  destination  of  transmissicm,  each  earth  terminal  inserts  a preamble  into  its  transmission  for 
carrier  and  bit  timing  recovery  by  the  receiver.  The  preamble  also  icontains  a unique  word  and  orderwire.  In  the  case 
of  transmissions  to  and  from  the  reference  station,  station  monitoring  and  control  data^  respectively,  are  inniMded  in 
the  preamble. 
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TRUNKING  SERVICE 
DOWNLI  NK  FRAME  STRyCTURE 
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SUPERFRAME 
512  TDMA  FRAMES 
0.  512  SEC 
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TDMA  FRAME 
1 MSEC 


SS 
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LOOPBACK 

CROSSOVER  A 

CROSSOVER  B 1 I 

_ 1 1 

CROSSOVER  C 


LOOPBACK  AT  REF  I REF 


LOOPBACK  ELSEWHERE 


SYNC 


DATA 


CROSSOVER  FROM  REFI  REF 


CROSSOVER  FROM 
OTHERS 


DATA 


J 


SS  s SATELLITE  SWITCH  SYNCHRONIZATION 

LOOPBACK  = IF  SWITCH  STATE  WHICH  CONNECTS  STATIONS  IN  THE  SAME  BEAM 
CROSSOVER-  IF  SWITCH  STATE  WHICH  CONNECTS  STATIONS  IN  DIFFERENT  BEAMS 


REF 

SYNC 

P 

DATA 


= ALTERNATES  BETWEEN  LOCAL  AND  DIVERSITY  REFERENCE  BURSTS 
= USED  FOR  LOCAL  BURST  SYNCHRONIZATION  DURING  LOOPBACK 
= PREAMBLE  AND  UNIQUE  WORD 
= DATA  BURST  - 256  MBPS 


TRUNKING  SERVICE  PREAMBLE,  UNIQUE  WORDS  AND  OVERHEAD 

Three  types  of  preambles  are  used  depending  i?)on  the  source  and  destination.  PreanAles  originating  at  tiie  reference 
terminal  contain  data  defining  the  network  plan  in  addition  to  the  ssmchronization  symbols,  unique  word  (UW)  and  order- 
wire  tOW)  information  common  to  all  preambles.  Preambles  destined  for  the  reference  terminal  contain  transmitting 
termi^  bit  error  rate  (BER)  summary  data.  Transmissions  not  involving  the  reference  terminal  contain  preambles 

consisting  of  synchronization,  UW  and  OW  data  only. 

Preambles  are  sent  from  both  the  standby  and  on-line  stations  at  each  terminal.  That  from  the  standby  site  is  trans- 
mitted first  so  that  the  data  feom  the  on-line  site  immediately  follows  its  preamble.  Transmissions  from  the  standby 
station  are  used  to  monitor  the  health  of  the  station  and  carrier  fading  conditions. 
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CUSTOMER  PREMISE  SERVICE 
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SPACE  f;YST£MS  DIVISION 


• TWO  SCANNING  BEAMS  EACH  COVERING  A SECTOR  OF  THE  EASTERN  CONUS  PLUS  IN 
COMBINATION,  SPOTS  AT  DENVER,  SAN  FRANCISCO  AND  SEATTLE 

• MASTER  CONTROL  CENTER  IS  AT  CLEVELAND 

• EARTH  STATION  BURST  TIMING  IS  GOVERNED  BY  THE  BBP  DEMODULATORS/UNIOUE  WORD 

• LINKS  HAVE  RATE  DIVERSITY  PLUS  FORWARD  ERROR  CORRECTION  FOR  RAIN  FADE  COMPENSATION 

• STATIONS  TRANSMIT  EITHER  27.5  MSPS  OR  110  MSPS  AND  RECEIVE  220  MSPS  FOUR  27  5 MSP*; 
UPLINK  CHANNELS  OR  ONE  110  MSPS  UPLINK  CHANNEL  ARE  AVAlliBLE 

• interconnection  between  earth  STATIONS  IS  BY  MEANS  OF  A STORE-AND-FORWARD  PROTnrAi 
IMPLEMENTED  THROUGH  THE  USE  OF  A SATELLITE  BORNE  BASEBAND  PROCESSOR  ^B^  PROTOCAL 

• CHANNELS  THROUGH  THE  SATELUTE  ARE  DEMAND  ASSIGNED 

• CIRCUIT  SWITCHED  NETWORK  PROVIDED 


* IaRTH  STATlON^frA'^N  c5IdEr"w“rE^  INFORMATION  TRANSITTED  FROM  THE  MCC 


CUSTOMER  PREMISE  SERVICE 


beam,  bott  soaimed.  to  piortda  the  coverage  of  ^ a receive 

carrier  frequencies  are  used  in  each  sectS  and  the  iso^d  regions  associated  wife  each.  The  same 

orthogoaal  polaiiaation  of  beams  aid  scan  control  to  ma^e^aM  tooTaSn!“‘°‘^  ^ »* 


“ assigned  basts. 

stored  in  imnit  memory,  mapped  onto  the  output  Lmoiy  by  meSis  “®  demodulated, 

coding,  along.toupto.1  - - ^educSTf^^r^ro^-S^.I ^ 


5 meter  class'^^L5!^te?lO  Mres  bm^s  fflameter  antenna  class  which  transmits  bursts  of  27. 5 MSPS  and  a 

iransmits  110  Msps  burms.  Both  receive  a time  division  multiplex  data  stream  at  220  MSPS. 


s^lSte  retSTcftoe  «- 

earth  station  and  transmit  earth  station  reauests  for  ^ needed  to  command  and  monitor  each 

via  the  orderwire  from  the  MCC  to  aid  e^  station  en5^SoXS^lf^“'  ^bemeris  data  is  supplied 


and  transmitted  to  the  satellS'"^BitoBv?^?f  ^ ti^c  requirements,  is  generated  at  the  MCC 


satellite  via  eifeer  a scanning  beam  or  a fixed  beam  to  Cleveland. 

A 30  GHz  puot  for  use  by  the  sateUite  monopulse  sensor  also  Is  provided  from  Cleveland  and  LA  earth  stetions 
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GPS  FRAME  FORMATS 


— — — — SECTOR  SCAN  TIME  = 1 MSEC 


AREA  1 I AREA  2 | AREA  3 


AREA  I 


PREAMBLE 

STATION  2,  \ 

PREAf^BLE 

STATION  2.  2 

STATION  2,  J 


PMARn  TIMF  CARRIER  CLOCK 

GUARD  TIME  RECOVERY  RECOVERY 


UNIQUE 

WORD 


STATION 

IDENTIFICATION 


SECTOR  SCAN  TIME  = 1 MSEC 


AREA  1 I AREA  2 AREA  3 


AREA  1 


STATION  2,  K 


ANT.  SCAN 


RECOVERY  |UNIQUE  WORDj  IDENTIFICATION 


UPLINK  AND  DOWNLINK  DO  NOT  NECESSARILY  COVER  THE  SAME  AREA  SIMULTANEOUSLY 


EREQUENCr  PLAN 


The  frequency^^^^^  Is  consistent  with  the  planned  operation  of  the  demonstratioa  i^stem  and  simplifies  its  implementation. 

The  planned  operation  of  the  system  is  that  It  will  operate  in  either  the  CPS  or  the  trunking  mode,  and  cperation  in  &ese 
modes  is  mutually  exclusive.  In  the  CPS  mode  earth  stations  simultanesously  accessing  the  satellite  throu^  the  same 
beam  will  transmit  either  27.5  MSPS,  on  any  one  of  four  PDMA  car:riers,  or  110  MSPS  on  a fifth  carrier  frequency. 

Again,  operation  in  the  PDMA,  27.  5 AISPS  or  110  MSPS,  modes  is  mutually  exclusive.  These  same  frequencies  may 
be  used  simultaneously  in  both  sectors,  and  associated  spot  coverage  areas,  on,  however,  orthogonally  polarized 
carriers.  The  carrier  frequencies  for  CPS  operations  are  such  that  the  demultiplexing  filter  design  is  routine.  The 
CPS  downlink  operates  at  220  MSPS  burst  rate  for  all  uplink  rates. 

In  the  trunking  mode  both  the  uplink  and  dowiilink  from  all  nodes  operate  at  250  MSPS  burst  rates  and  all,  exc^t  those 
from  the  Washington,  D.  C.  node,  use  the  same  rplink  carrier  and  the  same  downlink  carrier  frequency.  The  carriers 
for  the  Washington,  D.  C.  node  are  offset  from  those  (rf  the  other  nodes  to  permit  supplementing  the  spatial  isolation  be- 
tween it  and  the  others  through  filtering  at  the  receive  terminals,  ^[here  is  a potential  interference  problem  v^cn  ter- 
minals in  the  .DC  or  NYC  nodes  transmit  to  themselves  or  to  other  terminals  in  the  same  node.  In  that  case  the  signal 
received  from  the  adjacent  node  by  the  satellite  beam  skirts  and  hence  transmission  back  to  it  by  the  same  means  may 
not  be  sufficiently  below  the  carrier  so  an  to  cause  negligible  influence.  If  that  should  prove  to  be  the  case  additional 
filtering  at  the  satellite  is  required. 
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FREQUENCY  PLAN 


SPACE  SYSTEMS  DIVISION 


PILOT 


CPS 

BEAM 


66  MHz|»  27.5  MHz 


CPS 

BEAM 

1 


VERT*  POL. 


-220  MHz  - 


HORIZ.POL. 


trunking 

BEAM 

1 CNY) 


3 CCL 


4 LA) 


FREQ. -GHz  28.45  28.50 


UPLINK 


-256  MHz 


TRUNKING 
BEAM 
1 (NY) 


FREQ. -GHz  18.65 


DOWNLINKS 


• CPS  AND  TRUNKING  BEAMS  NOT  SIMULTANEOUSLY  ACTIVE 

• CPS  NARROWBAND  AND  WIREBAND  UPLINK  CHANNELS  NOT  SIMULTANEOUSLY 
ACTIVE 


i ilk* . . 


BASEUNE  PAYLOAD  BLOCK  DIAGRAM 


The  baseline  payload  stqpports  the  two  e}q>eriments  planned,  SS-TDMA  for  trunking  and  scannii^  beam,  baseband  switched  TDMA 
for  CPS, 


The  payload  is  configured  for  use  with  a single  reflector  antenna  and,  hence,  common  feed  Imms  are  used  for  bofli  transmit  and 
receive.  The  feeds  are  groi5>ed  into  two  sets  corresponding  to  the  two  scan  sectors  plus  three  feeds  servii^  the  isolated  trunk- 
ing nodes  at  Houston,  Tampa  and  Icb  Angeles.  Feeds  for  the  other  three  trunkii^  nodes,  NYC.  DC  and  Cleveland,  are  shared 
with  the  CPS. 

Two  beam  forming  networks  (BEN),  a transmit  and  receive,  are  associated  with  each  scanning  beam.  These  are  implemented 
with  variable  power  dividers  to  permit  combining  of  singlet  beams,  (beams  from  single  feeds),  to  provide  more  uniform  gain 
over  the  scan  area  than  is  possible  with  single  beams  alone, 

BF  switches  provide  for  reconfiguration  of  the  trunking  nodes  and  for  selection  of  the  CPS  or  trunking  modes.  Both  services 
use  the  same  receivers.  Four  are  required  but  six,  interconnected  by  ring  switches,  are  provided  giving  two-for-four  redundancy. 
The  four  active  receivers  are  connected  to  the  IF  switch  for  system  operations  in  the  trunking  mode.  This  switch  provides  inter- 
connection between  receive  and  transmit  trunking  beams.  For  system  operations  in  the  CPS  mode,  two  of  Gie  receivers  connect 
the  receive  scanning  beams  to  the  BBP  through  a demultiplexer  associated  with  each  scanning  beam.  The  demultiplexer  sep- 
arates the  5 possible  xqtlihk  earners  for  processing  in  the  BBP,  The  store- and  forward  protocol  is  implemented  in  the  procsssor 
which  demodulates  the  data  on  each  carrier,  applies  forward-error-correction  as  required,  stores  the  for  routing  through 
a baseband  digital  switch,  assembles  the  switch  outout  into  a time  division  multiplexed  (TDM)  outoat,  encodes  the  Hafa  if  re- 
quired, and  modulates  the  data  onto  an  IF  carrier  for  upconversion  and  transmission. 

A digital  routing  processor  (DRP)  is  included  in  the  BBP  and  in  it  are  processed  the  control  messages  received  firom  the  MCC 
which  axe  then  passed  onto  the  other  elements  of  the  BBP  and  to  the  IF  switch,  scanning  antennas,  LO*s,  and  RF  switches.  Re- 
load timing  information  is  also  generated  in  Rie  DRP.  In  the  present  configuration  the  MCG  communicates  with  the  BBP 
the  TT&C  sub^stem  when  the  payload  is  in  fliB  trunking  mode,  vdiich  requires  only  a low  rate  uplink  and  throu^  a CPS  Hnk 

when  in  the  CPS  mode  which  requires  a data  rate  for  rapid  BBP  configuration.  The  TT&C  link  can  also  be  used  as  a backim 

to  the  CPS  link  for  iq)loading  ^ 

An  alternative  approach  to  implementing  the  MCC-BBP  links  is  through  the  use  of  a fixed  beam  to  the  Cleveland  node,  finple- 
menting  the  link  in  that  way  provides  continuous,  relatively  high  ^peed  communications  that  are  not  dependent  on  the  scanning 
antenna  for  operation.  This  requires  increased  BBP  complexity,  and  an  additional  channel  throng  the  processor. 

Upconversion  and  power  amplification  is  accomplished  hy  means  of  a cascade  of  a limiting  IF  amplifier,  iqKJonverter,  TWTA 
and  outoot  filter.  Four  such  cascades  are  arranged  in  pairs  with  each  pair  having  an  associ^ed  r»ggf»}iA>  for  redundancy. 

The  redundant  path  has  an  IMPATT  solid  state  power  amplifier  (SSPA)  instead  of  a TWTA.  The  amplihidp  limiting  asapliSer  Is 
included  to  assure  fuR  power  output  feom  the  power  amplifiers  by  compensating  for  differences  in  fminking  station  EIRP, 
weather  conditions  and  component  aging. 

Programmable  LO's  drive  the  upconverters  to  provide  a constant  carrier  frequency  to  earth  stations  in  the  various  nodes  when 
there  are  crossovers  from  and  to  the  Washington,  DC  node  which  operates  at  carrier  frequencies  different  from  file  other  nodes. 
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LOW  NOISE  NECEIVEBS 


A low  noise  receiver  (LNB)  made  tq)  of  an  image  enhanced  mixer  followed  by  a low  noise  FET  IF  amplifier  sho^d  meet 
the  NASA  goal  of  a receiver  with  a 5 dB  noise  figure.  E35>erimental  results  obtained  by  General  Electric,  as  shown  in 
the  two  following  figures,  confirms  that  the  goal  is  achievable. 
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• NASA  1982  DEVELOPMENT  GOALS  OF  DOWN  CONVERTER  NOISE  FIGURES  (5  dB  AT  30  GHz) 
SHOULD  BE  ATTAINABLE. 
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lower  noise  IF  amplifier  can  reduce  the  receive  noise  figure  to  ^ conversion  loss  and  the  use  of 
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s.tooMc  local  osolltotor.  has  been  breadboarded 
hlblted  satislactoiy  spectral  purW.  This  result  Indicates  the  feasIbW  of  ’oZs^^ 
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• LOCAL  OSCILLATOR  DESIGN  HAS  BEEN  BREADBOARDED  BY  GE 

• OUTPUT  FREQUENCY:  11. 4 GHz  L 0. , DOUBLED  I N 

SUBHARMONICALLY  PUMPED  MIXER 

• OUTPUT  POWER:  50  mW 

• EFFICIENCY:  1.2% 

• GOOD  SPECTRAL  PURITY 


GENERAL  ELECTRIC  11.4  GHz  LO  BLOCK  DIAGRAJ»i 


The  lO  chain  is  stabilized  by  a 5 MHz  crystal  oscillator  reference  and  contains  a VCO  multiplier  and  two  diode  multi-  - 
pliers,  suitably  isolated,  to  obtain  a stable  50  mv  reference  at  11.4  GHz.  One  such  unit  was  and  tested. 
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20  GHz  transmitters 
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STAGE  SYSTEMS  DfVISSON 


• I MPAH  AMPLIFIER 

- LOW  POWER  EFFICIENCY 

- HIGH  NON-LINEARITY 

• TRAVELLING  WAVE  TUBE  AMPLIFIER 


POWER  EFFICiENTTWT  UNDER 
DEVELOPMENT 


TRW  mPATT  TRANSMITTER  CONFIGURATION 


This  diagram  describes  one  such  solid  state  amplifier  under  development  wifli  rdevant  characteristics  design  goals. 
E^qperience  with  similar  devices,  including  regulators,  indicates  that  efficiency  goal  in  particular  will  likety  not  be 
■ achieved  which  will  result  in  efficiencies  considerably  below  that  of  a TWTA.  Experience  with  BIPATTS  at  G-band  and 
Ku-band  have  not  encouraged  their  use  as  TWTA  replacements  because  such  devices  have  no  advantage  in  efficiency, 
linearity,  wei^  or  relialdliy.  The  same  may  be  true  at  20  GHz. 


4 

OlOOES 


COMMENT 


15.5  « 19^1  I 513  I 500 


-0.1  I -^.1  I 14.3  I -0.1  I -0.1  I -o.t  I sa  t -0.1  1 -0.1  I -ai  I la  * -o.i  i ootsB 


1 J I T * 

12.9  I 12.8  I 27.1  I 27i3  233  | 263  I 36.1  | 363  | 35J  1 35.8  I 43.1  I 433  433<j8m 

. i « 3 - - 


1 1 * ' » 

479  I ^.1  I 338  1 3.S9  I 33  1 20.4  l 2CX0  20WATT5 

. f 


16HV  14.8  W FER  DiODEI  | 


19.1 


0368 


KBSSSSSSai 

■133B!3Sa9Hi 


A9*frm 

3.62  W 

IMS 

14S 

0.125 

0J071 

83% 

22% 

103% 

83W 

183  W 

DIFFICULT  TO 
ACHIEVE 


EXPECT  15% 


EXPECT  120-130 
WATTS 


m 


20  GHz  TWTA  SUMMARY  DATA 


This  chart  lists  TWT  performance  and  weight  characteristics  for  tubes  operating  at  20  GHz.  The  EDD  918H  and 
Telefunken  20030  are  the  only  TWT’s  that  come  close  to  Hie  requirement. 
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20  GHz  POWER  AMPLIFIERS 


Data  from  the  preceediog  two  charts,  and  other  data,  have  been  combined  to  iihow  weight  and  power  drain  trends  of 

various  tjrpes  of  power  amplifiers  versus  RF  power  outfKit.  These  data  indicate  that,  above  about  10  watts  of  RF  power,  ^ 

TWTA’s  offer  a significant  advantage  in  terms  of  minimal  spacecraft  bus  power  requirements  and  have  no  weight  penalty. 
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SS-TDMA  SWITCH  CONCEPTS  AND  CHARACTERISTICS 


The  RF  switch  design  specifications  are  summarized  in  the  chart.  The  basic  configuration  is  a crosspoint  switch 
where  the  crosspoints  are  implemented  by  directional  couplers  and  amplifiers.  The  anq>Ufier,  active,  con^n- 
sates  for  the  coiq>ler  loss  and  when  inactive  provide  additional  isolation  between  the  input  and  output  lines.  As  ^own 
here  and  on  the  next  figure  redundancy  is  provided  ty  means  of  extra  input  and  output  lines  which  provide  a path  through 
the  switch  that  can  be  substituted  for  a failed  path.  Additional  lines  can  be  added  for  greater  redundancy. 


SS-TDMA  SWITCH  CONCEPTS  CHARACTERISTICS 
(POC  TECHNOLOGY) 
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*INPUT70UTPUT  SEQUENCE  MAY  BE  CHANGED  TO 
"MOVE"  FAILED  CROSSPOINT  TO  AN  "UNUSED" 
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DERIVATIVE  OF  20x20  SWITCH,  1985  TECHNOLOGY 


FULL  CONNECTIVITY,  10 
RECONFIGURATION  RATE 
SWITCHING  TIME 
IF 

BANDWIDTH 
GAIN  RIPPLE 
PHASE  linearity 
INSERTION  LOSS 
ISOLATION 
SIGNAL  RANGE 
NF 


YEARS 
2 fiS 
<10  NS 
SS6.  2 GH  z 
1000  MHz,  1 dB 
1 dB 

± 5 DEGREES  MAX 
15  dB /CONNECTION 
40  dB  MIN 

-50  dBM  TO  +10  dBM 
35  dB  MAX 


DEMONSTRATION 


CPS  BASEBAND  PROCESSOR 


i-  - : 

r The  BBP  is  based  on  the  work  being  done  by  Motorola,  Inc/s  Government  Electronics  Division  for  NASA.  Un^r  that 

i program  a BBP  architecture  has  been  developed,  integrated  circuits  needed  to  meet  size  and  weight  goals  identified  and 

^ development  of  some  of  these  IC's  has  started. 

f i The  BBP  will  support  one  XIO  MSPS  or  four  27 . 5 MSPS  u;link  channels  in  each  of  the  two  antenna  scan  sectors  and  one 

I 220  MSPS  downlink  in  each  sector.  It  provides  signal  regeneration  to  minimize  earth  station  EIRP  and  G/T  requirements 

forward  error  correction  decoding  and  a 2 :1  ^mabol  rate  reduction  to  provide  addifinnai  uplink  margin  to  compensate 
|j  I'abi  induced  carrier  fading,  a constant  downlink  symbol  rate  and  carrier  frequency  to  minimize  earth  station  clock 

**^d  carrier  acquisition  requirements,  and  finally,  provides  the  data  buffering  required  by  the  use  of  scanning  antAnna 

[ beams. 
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CPS  BASEBAND  PROCESSOR 
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• BASED  ON  MOTOROLA,  INC.  BASEBAND  PROCESSOR  DEVELOPMENT 

• PROVIDES  CONTINUOUS  CARRIER  ON  DOWNLINK  -MINIMIZES 
ACQUISITION  REQUIREMENT 

• CONSTANT  SYMBOL  RATE  OF220MSPS  ON  DOWNLINK  - MINIMIZES 
CLOCK  ACQUISITION  REQUIREAAENT 

• PROVIDES  SIGNAL  REGENERATION  - MINIMIZES  ES  EIRP  AND  G/T 
REQUIREMENT 

• PROVIDES  BUFFERING  REQUIRED  BY  BEAM  SCANNING 

• PROVIDES  CAPABILITY  FOR  FEC  DECODING  AND  CODING  ON  ALL 
CHANNELS 

- 25  MBPS  CAPAC ITY  FOR  RAIN  FADE  COMPENSATION 

• SUPPORTS 

- TRANSMIT  AND  RECEIVE  BEAM  IN  EACH  SECTOR 

- 1 OR  2 CHANNELS  AT  110  MBPS 

- UP  TO  8 CHANNELS  AT  27. 5 MBPS 


BASEBAND  PROCESSOR  DEMONSTRATION  MODEL  CONCEPT 


Two  chaiinels,  each  of  which  processes  one  110  MSPS  data  stream  or  four  27.  5 MSPS  streams  and  includes  a forward 
error  correction  (PEC)  decoder ^ are  included  in  the  processor.  There  are  two  modulator  channels,  corresponding  to  the 
demodulator  chaimels  and  the  number  of  scanning  beams,  each  of  which  has  provision  for  PEC  encoding.  The  baseband 
switch  interconnects  the  demodulator  and  modulator  channels  by  providing  a mapping  of  the  demodulator  channel  memories 
onto  the  modulator  channel  memories.  The  switch  also  routes  data  to  the  digital  routing  processor  (DRP)  and  from  it  to 
the  modulator  channels. 

After  the  received  signals  from  a scanning  beam  are  frequency  demultiplexed  each  of  5 resulting  data  channels  are  down- 
converted  from  an  approximately  6 GHz  IP  to  a 3 GHz  IP  as  required  by  the  demodulators.  There  are  5 demodulators,  one 
for  each  data  channel,  and  each  provides  soft  decisions  (4  level)  plus  dock  and  status  data.  If  an  uplink  burst  is  encoded 
the  soft  decision  data  is  passed  throu^  the  decoding  units,  otherwise  the  sign  bit  only  is  passed  directly  to  the  switch  in- 
put memory  (PEC  Decoder  Output  Memory) . The  switch  passes  the  data  to  the  appropriate  output  memory  from  which  the 
downlink  data  is  time  division  multiplexed  for  transmission. 

All  BBP  operations  are  controlled  by  the  DRP  which  controls  data  to  the  various  control  memories. 


27.5/110  MSPS  DEMODUIATC® 


onri  I'lork  from  the  SMSK  modulated  iQ)lihk  carrier,  the  demodulator  also  generates  a 
In  addition  to  recovering  the  data  and  cl^k  ^ demodulator  operates  at  normal  or  half  syn*ol 

compe»sa«on.  It  g*»rata.  2 bit  soft  decisioos  for  each  received  syinbol. 
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FEC  INPUT  ASSEMBLY 


This  Msembly  provides  the  data  bufferiag  required  to  slow  the 
organized  to  minimize  memory  speed  requirements. 


symbol  rate  into  the  convolutional  decoder. 
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FEC  OUTPUT  assembly 


The  outixit  assembly  contains  the 
for  routing  through  the  switch. 


maximum  likelihood  convolutional  decoder  {MC3D)  and  the 


memoiy  to  buffer  the  data 


1 


i OUTPUT  MEMORY/MODULATOR 

r,.;. : 

l-V 

I Shown  are  the  elements  of  the  modulator  path.  Data  for  the  routipg  switch  are  read  into  memory  and  recalled  from  it  as 

I required  to  assemble  the  downlink  data  stream.  The  data  are  either  transmitted  directly  or  are  FEC  encoded  as  re- 

I quired  hy  the  downlink  conditions  and  passed  to  the  modulators. 
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220  MSPS  MODULATOR  SLICE 


Data  ai^lied  to  the  modulator  assembly  is  modulated  on  to  an  IF  carrier, 
redundant  modulator  is  provided  for  each  path. 


The  IF  carrier  is  also  generated  here. 
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DRP  CONTROLLER 

transfer  fh7data  mdap"Sea7ome  ^e  de?^  T “7?“*  ? memories  «U1  then 

Command  riteAc^  Ttt,7r)EP  r^i^fn  The  DEP  ^o  has  the  capabUHy  of  reoeiring  data  via  the  Telemetry  and 
mmand  mterfaces.  If  the  DEP  OontroUer  fads,  a backup  processor  is  powered  on  and  (he  faded  prooessorTs  turned 
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SYSTEM  ENGINEERING  REQUIREMENTS 


eogtewrii^iluM  Witt,  a,. 

An  interface  whicli  can  perform  many  of  th^data  transfer  :^eti^  <-ombination  of  GPU  speed  and  versatile  interfaces, 
performance.  Once  the  general  function  of  the  baseband  process^  improve  overall  system 

as  general  responsiveness  of  the  system,  defined  in  terms  of  speed  requirements.  sucH 

achieve  high  speed  will  drive  the  dLign  of  all  S the  syste^  co^aen^  ofi,  ^ approach  used  to 

such  as  fault  tolerance,  also  affect  the  overall  system  performance.  * requirements  of  the  baseband  processor. 
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DRP  SYSTEM  ENGINEERING  REQUIREMENTS 
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SPACE  SYSTEMS  DIVISION 


DRP/SYSTEM  REQUIREMENTS  NEED  TO  BE  DEFINED  IN  TERMS  OF: 

• ALGORITHMS 

- SIZE 

- SPEED 

• RELEVANT  INTERFACES 

- CHOSEN  TO  MEET  SPEED  REQUIREMENTS 

• GENERAL  FUNCTION 

- reconfigurability 

- CONTROL  FUNCTION 

• HARDWARE/SOFTWARE  TRADES 

- IMPACT  ON  OTHER  SYSTEM  COMPONENTS 

• FAULT  TOLERANCE  IMPACT 

- RAD  HARDNESS 

- CONFIGURATION  OF  CPU  WITH  RESPECT  TO  BACKUP 

• DUAL  OPERATION  TO  ACHIEVE  SPEED? 

• TEST  MODES  ( INTERNAL  CHECKS) 

EDAC  REQUIREMENTS: 

• DATA  MEMORY 

• CONTROL  MEMORY 
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KEY  ASSUMPTIONS  EFEECTING  DRP  SIZING 


The  DRP  speed,  memoiy  architecture,  size  and  overall  performance  of  the  baseband  processor  are  effected  by  a num- 
ber of  assumptions  about  the  system  speed  reqiiirements  and  the  hmctions  that  the  DRP  is  expected  to  perform.  The 
Overall  response  speed  of  the  baseband  processor  is  probably  the  greatest  technology  driver.  The  Master  Control 
Center  (MCC)  sends  routing  data  to  the  DRP  which  is  then  loaded  into  the  baseband  processor  control  memories.  The 
DRP  commands  the  baseband  processor  to  reconfigure  either  in  response  to  the  MCC  or  via  a timer.  Since  the  DRP 
is  a conventional  CPU  that  will  take  ^proximately  50  psec  to  respond  to  an  interrupt  and  hundreds  of  microseconds  or 
milliseconds  to  load  data,  the  DRP  can  not  respond  quickly  (within  a few  microseconds)  to  a request  to  reconfigure  un- 
less an  unconventional  processor  or  I/O  technique  is  used. 


The  DRP  also  has  other  functions  to  perform  besides  loading  control  tables.  The  DRP  is  responsible  for  error  re- 
coveiy,  control  of  the  scanner  antennas  as  well  as  formatting  and  decoding  data  from  the  orderwire.  All  of  the  DRP 
functions  must  be  considered  when  sizing  the  processor  for  speed. 


Fault  tolerance  can  impact  speed  in  several  w^s.  If  the  memories  in  the  system  are  not  "rad"  hard  with  low  error 
requirements,  then  an  error  detection  and  correction  (EDAC)  af^roach  must  be  used  with  a corresponding  loss  in  speed. 
The  DRP  is  currently  planned  to  be  a dual  processor  for  backi^,  witii  some  speed  penality  to  verify  processor  status. 

It  is  probable  that  compromise  in  die  fault  tolerance  approach  can  be  made,  such  as  dual  operation  of  the  DRP  CPUs  to 
achieve  speed.  A survey  of  the  EDAC  requirements  in  the  data  memory  and  control  memoiy  may  also  indicate  where 
the  error  recovery  requirements  may  be  reduced. 


GENERAL 

ELECTRIC 


KEY  ASSUMPTIONS  EFFECTING 
DRP  SIZING 


SPACE  SYSTEMS  OiVU^N 


RESPONSIVENESS  ISSUE:  • 


DRP  FUNCTIONS: 


MCC  SEND  ROUTING  INFORMATION  TO  DRP 
DRP  LOADS  CONTROL  MEMORY 
DRP  COMMANDS  BASEBAND  PROCESSOR  TO 
RECONFIGURE 

- RECONFIGURATION  IS  IN  RESPONSE  TO  MCC  OR 
TIMER 

TYP ICAL  8 B IT  PROCESSOR  Wl  LL  RESPOND  TO  AN 
INTERRUPT  IN  50  M SECONDS  AND  TAKE  HUNDREDS  OF 
MICROSECONDS  (OR  MILLISECONDS)  TO  LOAD  DATA 
IF  THE  DRP  IS  EXPECTED  TO  RESPOND  QUICKLY  TO  A 
REQUEST  TO  RECONFIGURE  (LG.,  2 M SEC),  CONVENTIONAL 
PROCESSOR  OR  I/O  TECHNIQUE  WILL  NOT  SUFFICE 

LOADING  CONTROL  TABLES 
ERROR  RECOVERY 
CONTROL  OF  ANTENNA 
FORMATTING  DATA 
DECODING  DATA 


ALL  OF  THESE  FUNCTIONS  EFFECT  THE  PROCESSOR  SPEED,  MEMORY  ARCHITECTURE 
S IZE  AN  D OVERALL  PERFORMANCE 


r- 


rf 


brp  processor  BEQDIRemENTS 


fers  the  DRP  wt“  e“e“c Wa 

s:c~^  ““rr 

Of  the  BAM  haTa::  ^r.^e“  MCC  “*  *r  ^ “^fea 

interri5>t  routines.  The  processor  will  memoiy  CROll)  wm  be  sized  to  hold  non-volatilify 
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DRP  PROCESSOR: 


DRP  PROCESSOR  REQUIREMENTS 


DETAILED  REQUIREMENTS  NEED  TO  BE  ADDRESSED 
REQUIREMENTS  ARE: 


SPACE  SYSTEMS  mnSlOH 


GENERAL 


• 8 OR  16  BIT  CMOS  PROCESSOR 

• RAM  (CMOS)  FOR: 

- DATA  TABLES 

- BUFFER  SPACE  FOR  OR  DERW I RE  MESSAGES 

- CONTROL  PARAMETERS 

- COMMANDS  FROM  MCC 

• ROM  (CMOS)  FOR; 

- EXECUTIVE  ROUTINES 

- UTILITIES 

- INTERRUPT  ROUTINES 

• SERIAL  AND  PARALLEL  INTERFACES  (CMOS) 

PROCESSOR  SPED  AND  MEMORY  SIZE  MAY  BE  DERIVED  BY  AN  ANALYSIS  OF  DRP 
FUNCTIONS  AND  HARDWARE/SOFTWARE  TRADES 
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PROCESSOR  TEGHNOJjOGT 


% , 


The  general  requirements  the  DRP  processor  call  for  a space  qualiRed,  rad  hard  8 or  16  bit  GMC3S  processor. 
There  is  currently  no  space  qualified,  rad  hard  8 or  16  bit  CMOS  processor  available,  however,  GE  has  and  « 
flown  a 16  bit  bipolar  processor,  and  an  8 bit  non  rad  hard  CMOS  processor  (RCA  1802)  has  also  flown  before. 
is  currently  developing  a CMOS  version  of  the  8155  and  8555  ram,  ROM,  I/O  chip  combination.  The  DRP  also  re- 
quires CMOS  serial  interfaces,  and  at  present,  sources  of  the  serial  interface  need  to  be  identified. 
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PROCESSOR  TECHNOLOGY 
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DRP  PROCESSOR: 


• CURRENT  PROGRAMS  AT  SANDIA  WILL  DEVELOP  AN  8085 
CMOS  PROCESSOR 


• SUPPORT  CHI  PS  REQUIRED: 

- SAND  lA  PROGRAM  W ILL  DEVELOP  8155 
AND  8355  ROM,  RAM  AND  I/O  CHIPS 

- HIGH  SPEED  SERIAL  INTERFACES  ARE  ALSO 
REQUIRED.  SOURCE  NEEDS  TO  BE  IDENTIFIED 


TECHNOLOGY  CONCERNS 


GENERAL 

ELECTRIC 


STAGE  SYSTEMS  DIVISION 


CMOS-RAD  HARD  MEMORIES:  ! OGRAM  IS  DEPENDENT  ON  MARKET  PRESSURE 

TO  DEVELOP  HIGH  DENSITY,  ZERO  ERROR  RAMS. 


SURVEY  INDICATES  1982  TECHNOLOGY  Wia  BE 
4K  XI  CMOS  RAD  HARD  RAMS 


HIGH  DENSITY  BUT  WITH  LESSER  RAD  TOLERANCE 
AND  HIGHER  ERROR  RATES  WILL  BE 
AVAILABLE 


CONCLUSION:  MEMORY  TECHNOLOGY  IN  1982  WILL  BE  SMALLER  DENSITY, 

OR  HIGHER  DENSITY  WITH  EDAC  REQUIRED.  IMPACT  WILL 
BE  MORE  WEIGHT,  SIZE,  AND  POWER  OR  LOWER  PERFORMANCE 


TE  CHNOLOGY  ASSESSMENT 


assessed,  for  those  components  which  drive  flie  technology.  Ei^t  components  have 
been  identified  Six  of  the  components  are  currently  part  of  the  Motorola  POC  program  and  will  be  completely  developed 
^ Motowl^^  ae  Serial/ParaUel  Converter.  Translator  chips,  DemoduMOT/Bit 

^nc,  CLOSJtoee  ^e  8x8  routing  switch  and  high  data  rate  multiplexer  will  be  developed  by  Motorola  under  their 
current  contr^t  The  memoiy  technology  is  the  highest  risk  item  since  the  current  trends  indicate  that  the  1982  tech- 
nolo^  wiU  o^y  be  iq)  to  4k  x 1 CMOS  rad  hard  RAMs  and  not  2 k x 8 as  required.  The  CPU  risk  is  moderate  due  to  the 
scheme  for  develc^inent  of  the  Sandia  CMOS  8085  - due  late  1982.  There  are  alternative  processor  appmaches  which 
may  be  used  (such  as  the  GE  16  bit  bipolar  processor). 


m 


!1 


m ii 


r T 


1 


'ir^ 


m ii 


m i 
t'f  i 


m ji 

cl  || 


H- 


igfjr; 


■ I I 

. f u 


CINERAL 

ELECTRIC 


PROCESSOR  TECHNOLOGY  ASSESSMENT 


sss 

STAGE  SYSTEMS  DIVISION 


COMPONENT  REQUIRED  TECHNOLOGY  SYSTEM 
MCD  SIG-CMOS  FEC 


SERIAL/PARALLEL  ECL-MOSAIC  DRP 

CONVERTERS 


TRANSLATOR  ECL-MOSAIC  DRP 

(CMOS /ELL) 


DEMOD/BIT  SYNC  ECL-MOSAIC  DEMOD 


CLOS  THREE  STAGE  ECL-MOSAIC  BASEBAND 

(8  x 8)  ROUTING  SWITCH 

SWITCH 

MEMORY  CMOS  ALL 

COMPONENTS 

CPU  (8085)  CMOS  DRP 


MULTIPLEXER  ECL-MOSAIC  ALL 

COMPONENTS 


RISK  COMMENT 

MODERATE  MOTOROLA  APPROACH 

MINOR  MOTOROLA  APPROACH 

MINOR  MOTOROLA  APPROACH 

MODERATE  MOTOROLA  APPROACH 

ivlODERATE  MOTOROLA  APPROACH 

high  current  trends  INDICATED 

1882-4K,  NOT  2K  x 8 AS  REQUIRED 

MODERATE  PROCESSOR  UNDER  DEVELOP- 

(TIMING)  MENT  - SANDIA 

MINOR  HIGH  DATA  RATE  MUX 

REQUIRED 


I 
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ANTENNA  ASSEMBLY  CHARACTERISTICS  (BASELINE) 

The  table  lists  the  major  elements  and  their  weight  and  power  for  the  baseline  single  reflector  antenna  system,  re- 
sulting In  a total  ^stem  wei^t  of  169. 6 pounds  and  system  power  of  24  watts. 

The  note  refers  to  an  alternative  two  reilector  (receive  and  transmit)  ^stem  also  examined  which  results  in  49.  9 pounds 
of  additional  weight.  This  approach  was  not  recommended,  primarily  from  considerations  of  deployment  and  thermal 
distortions. 

Also  listed  are  the  BFN  components  and  their  unit  weights. 


GINERAL 

ELECTRIC 


ANTENNA  ASSEMBLY  CHARACTERISTICS  (BASELINE) 

1 10*  REaECTOR 


SPACE  SYSTEMS  OMSION 


ITEM 

QTY 

UNITWT 

LB 

TOTAL  WT 
LB 

TOTAL  POWER 
WAHS 

REFLECTOR 

1 

549 

549 

BOOM  & STRUCTURE 

1 

33.7 

B.7 

POWER  HINGE 

1 

8.1 

8.1 

FEED  SUPPORT 

1 

15.4 

15.4 

MISC  iWG,  ETC) 

1 SET 

6.0 

6lO 

SENSOWFED  PLATFORM 

1 

10.0 

lao 

BFN  (30/20  GHz) 

ISET 

16.8 

241 

24 

SECOND  TTAC  ANT.  ASS‘Y 

1 

2.0 

2.0 

CONTINGENCY 

15.4 

BFN  COMPONENTS 

UNITWT 

LB 

169. 6 LBS  • 

24  W 

HORN 

0.08 

GMT 

0.09 

30/20  GHz  DIPLEXER 

0.10 

SWITCH  (20  GHz) 

a 17 

SWITCH  (30  GHz) 

0.11 

VPD  ASS'Y(20GHz) 

a 43 

VPDASS*Y(30GHz) 

a30 

* ADD  49. 9 LB  FOR  SEPARATE  RECEIVE  ANTENNA  ASSEMBLY 
12  WAHS  FOR  OPT  ION  1 
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RECEIVER  ASSEMBLY  CHARACTERISTICS  (BASELINE) 


ssm 

STAGE  SYSTEMS  CHV^ION 


VOL 

QTY 

UNTTWT 

TOTAL  WT 

DAYTIME  PWR 

NIGHTTIME  PWR 

ITEM 

WP 

ACTIV&STANDBY 

LB 

LB 

WATTS 

WATTS 

INPUT  BPF  (30  GHz) 

a 07 

4/0 

ao5 

2.0 

0 

0 

T SWITCHES' (30  GHz,  WG) 

7.3 

6 

LO 

6.0 

0 

0 

T SWITCHES  (6  GHz,  COAX) 

2.0 

6 

0.3 

LS 

0 

0 

LNA 

as 

N/A 

N/A 

N/A 

N/A 

N/A 

MIXER/FILTERS/IFA  (20  GHz) 

as 

6/4 

0.3 

LS 

&0 

0 

MIXER/FILTER/IFA  (6  GHZ-PROC) 

1.6 

10/2 

0.3 

3.6 

2a  0 

0 

L0ASS'Y(15  GHz) 

120 

1/1 

2.0 

2.0 

6.0 

0 

LO  ASS'Y  (PROCESSOR) 

105 

2/2 

2.0 

4.0 

6.0 

0 

ROUTING  SWITCHES  (30  GHz) 

2.0 

4/0 

0.5 

2.0 

0 

0 

ROUTING  SWITCHES  (6  GHz) 

2.0 

2/0 

0.3 

0.6 

0 

0 

CHANNEL  FILTERS  (6  GHz) 

12.5 

5/0 

1.2 

6.0 

0 

0 

PROCESSOR  ASS'Y 

55S 

1/0 

33 

33.0 

142* 

0 

SS-TDMA  (4x4)  ASS' Y 

1320 

1.0 

4.:2 

4.2 

5 • 

0 

NON  CONTIGUOUS  MUX 

S 

2/0 

3.5 

7.0 

0 

0 

Ml  SC 

- 

7.4 

IS 

0 

SUBTOTAL 

SL4LBS 

37-200W 

0 

TRUNK-CPS  MODE 


TRANSMITTER  ASSEMBLY  CHARACTERISTICS  (BASEUNI^ 


T.-t 


Size,  weight,  power  and  the  number  of  each  component  reouired  Qiifrom 

operation  with  the  redundant  IMPATT  power  amp^ers  Note  ttat  the  trilnk  >.  Includes  provisionfor 

(inoIudingtoo40wattIMPATTS)  results  in  the  Ughest  iower  “PUOera  are  on 

significantly  Wr  ^ mode  teans^L  S^et  S ,‘a  Toi  “ “ ■*»“■*>  *“ 

atlon  since  an  aU  TWT  configuration  permits  the  use  of ’the  BS  2 solar  array.*  ^ significant  conaldei- 
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TRANSMITTER  ASSEMBLY  CHARACTERISTICS  (BASELINB 


GENERAL 

ELECTRIC 


STACC  SYSTEMS  OnrtSON 


ITEM 

VOL 

IN3 

QTY 

ACTlVeSTANDBY 

I^ITWT 

LB 

TOTAL  WT 
LB 

DAYTIME  PWR 
WATTS 

NIGfflTIMEPWR 

WATTS 

T SWITCHES,  (COAXIAL.  6 GHz) 

2.0 

6/0 

0.3 

2.4 

0 

0 

SWITCHES  (20  GHz,  WG) 

2.0 

4/0 

as 

2.0 

0 

0 

T SWITCHES  (WG.  20  GHz) 

7.3 

6 

1.0 

6.0 

0 

0 

SWITCHES  (COAXIAL.  6 GHz) 

2.0 

2/0 

a3 

a6 

0 

0 

IFA,  U/C,  FILTERS 

as 

6/2 

43 

L8 

8 

0 

TWTA(40W) 

536 

4 

12.0 

48.0 

518 

24* 

IMPAH  (40  W) 

400 

2 

11.5 

23.0 

471 

0 

OUTPUT  FILTER 

1.2 

4 

ai 

a4 

0 

0 

VARIABLEAnENUATOR 

L5 

6 

ai 

0.6 

0 

0 

LO  ASSEMBLY 

120 

m 

2.0 

2.0 

6.0 

0 

MISC 

M 

74  - 37.9 

3 

95.5  LB 

818-416.9  - 

27W 

• ECLIPSE  OPERATION 
••  TRUNK-CPS  MODE 


UNK  PERFCXIMANCE  AND  AVAHABIUTY 


XJpliiik  and  downlirk  budgets  for  the  trucking  stations  are  presented  in  the  following  charts  as  are  link  budgets  for  CPS 
operation  with  27. 5 MSPS  and  110  MSPS  stations.  lank  availability^  for  both  the  trunking  and  GPS  services  are  also 
estimated. 


LINK  PERFORMANCE  AND  AVAILAB  ILITY 


GENERAL 

ELECTRIC 


STACESYSTENLS  OtVSSiOII 


• TRUNKING  LINK  BUDGETS 


• CPS  LINK  BUDGETS 


• TRUNKING  AND  CPS  LINK  AVAILABILITY 


.JliigfBfJKS 


TRUNKING  LINK  BUDGETS 

Assuming  a 200  watt  earth  station  transmitter,  a 10~4  BER,  and  limited  earth  station  antenna  tracking  cap^Uity,  tte 
i5»link  shows  a 2.2  dB  margin  above  the  18  dB  fade  margin  required  for  the  worst  location,  least  receive  antenna  gam, 
which  is  Washington,  DC, 

The  downlink  shows  a 6.  9 dB  extra  margin  above  the  8 dB  required.  Under  these  conditions  bofli  links  could  fade  by 
TpqniTfifl  TnaTginR  and  link  would  still  have  about  a 1 dB  margin. 


GENERAL 
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UPLINK  (28.75  GHZ) 

ES  TRANSMITTER  POWER 

ES  TRANSMISSION  LOSS 

ES  ANTENNA  CAIN 

ES  ANTENNA  POINTING  LOSS 

FREE  SPACE  LOSS 

ATMOSPHERIC  LOSS 

S/C  ANTENNA  GAIN 

S/C  ANTENNA  POINTING  LOSS 

S/C  TRANSMISSION  LOSS 

S/C  SYSTEM  NOISE  TEMPERATURE 

BOLTZMANN'S  CONSTANT 

RESULTANT  C/NO 

REQUIRED  FADE  MARGIN 

LINK  FADED  C /NO 

DOWNLINK  (18.95  GHZ) 

S/C  TRANSMITTER  POWER 
S/C  TRANSMISSION  LOSS 
S/C  ANTENNA  CAIN 
S/C  ANTENNA  POINTING  LOSS 
FREE  SPACE  LOSS 
ATMOSPHERIC  LOSS 
ES  ANTENNA  CAIN 
ES  ANTENNA  POINTING  LOSS 
SYSTEM  NOISE  TEMPERATURE 
RESULTANT  C/NO 
REQUIRED  FADE  MARGIN 
LINK  FADED  C/NO 

Eb/NO  REQUIRED 
RECEIVER  DETECTION  LOSS 
DATA  RATE 
REQUIRED  C/NO 


TRUNKING  LINK  BUDGETS 


SPACE  SYSTEMS  DIVISION 


NOTES 


(dBW) 

:: 

23.0 

200  W TRANSMITTER 

(dB) 

■t 

1.5 

(dBI) 

z 

61.0 

5M  ANT.,  50%  EFF. 

CdB) 

z 

t.O 

LIMITED  TRACKING  ANT, 

(dB) 

: 

213.5 

(dB) 

: 

0.6 

(dBI) 

t 

51-4 

CALCULATED.  FOR  DC,  WORST  CASE 

(dB) 

: 

2.0 

CALCULATED 

(dB) 

: 

0.3 

(dB®K) 

30.1 

(dBW/HZOK) 

: 

22ft.  6 

(dB/HZ) 

I 

ni.7 

(dB) 

* 

16.0 

(dB/HZ) 

1 

97-7 

(dBW) 

16.0 

40  WATTS 

(dB) 

2.0 

(dBI) 

50.2 

(dB) 

0.7 

(dB) 

209.9 

(dB) 

0.5 

(dB!) 

56.9 

5M  antenna,  50%  EFF. 

(dB) 

ID.O 

LIMITED  TRACKING,  ANT. 

(dB°K) 

28-4 

(dB/HZ) 

110.4 

(dB) 

8.0 

(dB/HZ) 

102.4 

(dB) 

: 

8.4 

10"“  BER 

(dB) 

3.0 

(dBbps) 

84.7 

(dB/HZ) 

: 

> 

trunking  link  AVAHiABiury 


^ ^„es  Usua  Sn  fl.  ,.=a.le  are  — « 

piroviding  an  8 dB  downlink  fade  margin  me  4.-  *.  m in  f>iA  T-paion  to  the  xiffht  of  the  lines  drawn  among  the 

zones  D2,  D3  and  E, 

w..^ut  space  .veps«. 

With  diversity  sufficient  to  give  independent  fading,  however,  me  avauauiu  y 


BE^AL  TRUNKING  LINK  AVAILABILITY  ssm 

SPACE  SYSTEMS  OfVISfON 


f = 20  GHz 

DOWNLINK 

AVAILABILITY 

RAIN 

99.99% 

99.95% 

99.9  % 

99.5  % 

99% 

ZONE 

B 

13 

! 6 

4 

1 

1 

C 

20 

L 8 

5 

1 

1 

D1 

23 

'1  6 

2 

1 

D2 

28 

12 

12  > 

3 

1 

D3 

36 

17 

3 

2 

E 

55 

29 

20  J 

4 

2 

F 

8 dB  FADE  MARG  IN 

17 

r 6 

4 

2 

1 

• DASHED  LINES:  BER 

• DOTTED  LINES:  10"4  BER 


UPLINK 


30  GHz 

AVAILABILITY 

RAIN 

99.99% 

99.95% 

99.9  % 

99.  5 % 

99% 

ZONE 

B 

29 

1 13 

9 

3 

2 

C 

45 

11 

3 

2 

D1 

50 

21  ( 

14 

4 

2 

D2 

63 

28  ! 

18 

6 

3 

D3 

80 

39 

' 27 

„4I  -- 1 

8 

4 

E 

120 

64 

10 

4 

F 

37 

r 13 

9 

4 

2 

18  dB  FADE  MARGIN 


CPS  UPUNK  BUDGET  AT  27. 5 MSPS 


These  link  budgets  compare  the  performance  with  and  without  FEC  for  a scanning  antenna  fliat  steps  in  units  of 
width  (switch  BFN)  with  those  of  antenna  using  a variable  power  divider  BFN  (VPD  BFN)  with  which  beams  can  be 
shaped  to  avoid  low  gain  spots  in  the  coverage  areas. 

Using  a 20  watt  earth  station  transmitter  and  the  switch  BFN,  it  is  seen  that  the  required  rain  margins  can  be  provided 
only  through  the  use  of  FEG  which  in  effect  means  at  least  a 2:1  data  rate  reduction  (another  3 dB  incre^e  in  Eq/Nq  is 
available  by  a further  2:1  data  rate  reduction  for  a total  of  9. 6 dB  at  one  fourth  the  nominal  data  rate) . The 
can  be  provided  without  FEG  when  the  VPD  BFN  is  used. 


m 


GENERAL 

ELECTRIC 


CPS  UPLINK  BUDGET  AT  27.5  MSPS 


STAGE  SYSTEMS  OTVISION 


SWITCH  BFN 


VPD  BFN 


NO  COOING 


CODING 


NO  CODING 


BURST  DATA  RATE  IS  27.5  MSPS 

CODING  IS  RATE  172,  CONSTRAINT  l^NGTH  S,  SOFT  DECISION  (2  BIT) 
CODING  GAIN  INCLUDES  GAIN  DUE  TO  2:1  DATA  RATE  REDUCTION 
FREQUENCY  IS  28.75  GHZ 


CODING 


ES  TRANSMITTER  POWER 

(dBW) 

z 

13.0 

ES  TRANSMISSION  LOSS 

(dB) 

z 

t-5 

ES  ANTENNA  GAIN 

(dBI) 

t 

56.1 

ES  ANTENNA  POINTING  LOSS 

(dB) 

1^0 

FREE  SPACE  LOSS 

(dB) 

213.3 

ATMOSPHERIC  LOSS 

(dB) 

0.6 

S/G  antenna  gain  at  BFN  PORT 

(dBi) 

M.9* 

50.0* 

S/C  ANTENNA  POINTING  LOSS 

(dB) 

: 

0.0* 

0.0* 

S AC  TRANSMISSION  LOSS 

(dB) 

0.7 

0.7 

SAC  SYSTEM  NOISE  TEMPERATURE 

CdB°K) 

- 

310.1 

30.1 

BOLTZMANN'S  CONSTANT 

(dBW/HZ‘>K) 

- 

228.6 

228.6 

RESULTANT  CANO 

(dBAHZ) 

: 

SIS.  4 

103.0 

EbANO  REQUIRED  (lo"**  BER) 

(dB) 

: 

8.8 

8.8 

RECEIVER  DETECTION  LOSS 

(dB) 

3.0 

3.0 

COOING  GAIN 

(dB) 

• 

0.0 

6.8 

0.0 

i.8 

DATA  RATE 

(dBbps) 

: 

78.8 



REQUIRED  CANO 

(dBAHZ) 

» 

85.8 

78.8 

85.8 

78.8 

MARGIN 

(dB) 

z 

9.6 

17.0 

17.2 

28.6 

REQUIRED  MARGIN 

(dB) 

r 

115.0 

15.0 

15.0 

15.0 

EXCESS  MARGIN 

(dB) 

• 

- 5.8 

1.2 

2.2 

8.6 

• 3 METER  ES  ANTENNA 

* WORST 

CASE  INCLUDES 

POINTING  LOSS 

CPS  UP  LINK  BUDGETS  AT  110  RISPS 


This  case  is  similar  to  the  previoxis  one.  Here  a 30  watt  earfli  station  transmitter  is  assumed  and,  since  the  earth 
station  uses  a 5 meter  antenna,  limited  tracking  capability  is  assumed  to  eliminate  earth  station  antenna  pointing  losses. 


3ll?r?fl 


CPS  UPLINK  BUDGET  AT  110  MSPS 


GENERAL 

ELECTRIC 


SWITCH  BFN 


NO  CODING 


CODING 


ES  TRANSMITTER  POWER 

ES  TRANSMISSION  LOSS 

ES  ANTENNA  GAIN 

ES  ANTENNA  POINTING  LOSS 

FREE  SPACE  LOSS 

ATMOSPHERIC  LOSS 

S/C  ANTENNA  GAIN  AT  BFN  PORT 

S/C  ANTENNA  POINTING  LOSS 

S/C  TRANSMISSION 

S/C  SYSTEM  NOISE  TEMPERATURE 

BOLTZMANNS  CONSTANT 

RESULTANT  C/NO 

Eb/NO  REQUIRED  BER) 

RECEIVER  DETECTION  LOSS 

CODING  GAIN 

DATA  RATE 

REQUIRED  C/NO 

MARGIN 

REQUIRED  MARGIN 
EXCESS  MARGIN 


SPACE  SYSTEMS  DIVI^N 


VPD  BFN 


NO  CODING 


o 

o 

o 

o 


5 METER  ES  ANTENNA 
BURST  DATA  RATE  IS  110  MSPS 

CODING  IS  RATE  1/2,  CONSTRAINT  LENCTH«5,  SOFT  DECISION 
CODING  GAIN  INCLUDES  CAIN  DUE  TO  2:1  DATA  RATE  REDUCTION 


CODING 


(dBW) 

: 

14^8 

14.8 

(dB) 

1.5 

1.5 

tdBi) 

60.5 

60.5 

(dB) 

- 

0.0 

0.0 

CdB) 

: 

2131*3 

213.3 

(dB) 

z 

0.6 

0.6 

(dBI) 

t 

48.  9^ 

50.0* 

CdB) 

z 

0.0^ 

0.0* 

(dB) 

z 

0.7 

0.7 

(dB®K) 

z 

30.1 

30.1 

{dBW/H2®K) 

z 

228.6 

228.6 

(dB/HZ) 

z 

102.6 

107.7 

(dB) 

8.4 

8.4 

CdB) 

- 

3.0 

3.0 

(dB) 

0.0 

7.4 

0.0 

7.4 

CdBbps) 

80.4 

80.4 

(dB/HZ) 

z 

91.8 

84.4 

91.8 

84.4 

(dB) 

: 

10.8 

16.4 

15.9 

23.2 

(dB) 

: 

15.0 

15.0 

15.0 

15.0 

(dB) 

z 

~ 4.2 

1.4 

0.9 

8.8 

* WORST  CASE  INCLUDES  POINTING  LOSS 

GENERAL 

ELECTRIC 


CPS  DOWNLINK  BUDGET 
3M  EARTH  STATION 


STAGE  SYSTEMS  OfVnSKM 


S/C  TRANSMITTER  POWER 

(dBW) 

S/C  TRANSMISSION 

(dB) 

S/C  antenna  gain  at  BFN  PORT 

(dBI) 

S/C  ANTENNA  POINTING  LOSS 

(dB) 

FREE  SPACE  LOSS 

(dB) 

atmospheric  LOSS 

(dB) 

ES  ANTENNA  GAIN 

(dBi) 

ES  ANTENNA  POINTING  LOSS 

(dB) 

ES  SYSTEM  NOISE  TEMPERATURE 

(dB“K) 

BOLTZMANN'S  CONSTANT 

(dBW/HZ“K) 

RESULTANT  C/NO 

(dB/HZ) 

Eb/NO  REQUIRED  (10"“  BER) 

(dB) 

RECEIVER  DETECTION  LOSS 

(dB) 

CODING  GAIN 

(dB) 

DATA  RATE 

(dBbps) 

REQUIRED  C /NO 

(dB/HZ) 

MARGIN 

(dB) 

REQUIRED  MARGIN 

(dB) 

EXCESS  MARGIN 

(dB) 

SWITCH 

BFN 

VPD 

BFN 

NO  CODING 

CODING 

NO  COOING 

CODING 

16.0 

16.0 

2.0 

2.0 

46.7* 

47.7* 

0.0* 

0.0* 

209.7 

209.7 

0.5 

0.5 

52.5 

52.5 

0.3 

0.3 

28.4 

28.4 

228.6 

228.6 

102.9 

103.9 

8.4 

3.0 

0.  0 

7.4 

0.0 

7.4 

83.  4 

83.4 

94.8 

87.4 

94.8 

87.4 

8.1 

15.5 

9.1 

16.5 

6.0 

6.0 

6.0 

6.0 

2.1 

9.5 

3.1 

10.5 

0 3 METER  ES  ANTENNA  * WORST  CASE  INCLUDES  POINTING  LOSS 

o DATA  BURST  RATE  IS  220  MSPS 

o CODING  IS  RATE  Ml,  CONSTRAINT  LENGTH  5,  SOFT  DECISION 
o CODING  GAIN  INCLUDES  GAIN  DUE  TO  2:1  DATA  RATE  REDUCTION 
FREQUENCY  IS  18,95  GHZ 


o 


CPS  DOWNUNi:  BUDGET 
5M  EARTH  STATION 


The  220  MSPS  downlink  to 
orVPD). 


a 5m  earth  station  can  be  snpported  hjy  the  spacecraft  using'  either  type  of  antenna  (switch 


GENERAL 

ElECTRIG 


CPS  DOWNLINK  BUDGET 
5M  EARTH  STATION 


SPACE  SYSTOIS  DIVISION 


S/C  TRANSMITTER  POWER 

(dBW) 

SJC  TRANSMISSION 

(dB) 

3/C  ANTENNA  GAIN  AT  BFN  PORT 

(dBI) 

S/C  ANTENNA  POINTING  LOSS 

IdB) 

FREE  SPACE  LOSS 

(dB) 

ATMOSPHERIC  LOSS 

(dB) 

ES  ANTENNA  GAIN 

(dBi) 

ES  ANTENNA  POINTING  LOSS 

(dB) 

ES  SYSTEM  NOISE  TEMPERATURE 

(dB^K) 

BOLTZMANN'S  CONSTANT 

(dBW/HZ°K) 

RESULTANT  C /NO 

(dB/HZ) 

Eb/NO  REQUIRED  BER) 

' (dB) 

RECEIVER  DETECTION  LOSS 

(dB) 

CODING  GAIN 

(dB) 

DATA  RATE 

(dBbps) 

REQUIRED  C/NO 

(dB/HZ) 

MARGIN 

(dB) 

REQUIRED  MARGIN 

(dB) 

EXCESS  MARGIN 

(dB) 

SWITCH 

BFN 

VPD  BFN 

NO  CODING 

CODING 

NO  CODING 

CODING 

16,0 

16.0 

2.0 

2.0 

46. 

47.7* 

0.0* 

0.0* 

209U7 

209.7 

dwS 

0.5 

56.9 

56.9 

Q.O 

0.0 

28,4 

28.4 

228,6 

228.6 

107.6 

108.6 

81.4 

31.0 

Qi.O 

7.4 

0.0 

7.4 

831.4 

83.4 

87.4 

94.8 

17.4 

12.8 

20.2 

13.8 

21.2 

6.0 

6.0 

6.0 

6.0 

6.8 

14.2 

7.8 

15.2 

o 5 METER  ES  ANTENNA  WITH  LIMITED  TRACKING  WORST  CASE  AND  INCLUDES  POINTING  LOSS 

o DATA  BURST  RATE  IS  220  MSPS 

o CODING  IS  RATE  1/2,  CONSTRAINT  LENGTH  5.  SOFT  DECISION 
o CODING  GAIN  INCLUDES  CAIN  DUE  TO  2:1  DATA  RATE  REDUdriON 
o FREQUENCY  IS  I8.9S  GHZ 


GENERAL 

ELECTRIC 


CPS  LINKS  AVAILABILITY 


STACE  SYSTEMS  tXVtStON 


DOWNLINK 


20GE7 

AVAILABILITY 

99.99  % 

99.95% 

99.9  % 

99.5  % 

99% 

ZOTE 

L_i_ 

B 

13 

4 

1 

1 

C 

20 

I 8 

1 

1 

D1 

23 

i.  -9 . „ 

2 

1 

D2 

28 

12 

3 

1 

D3 

36 

17 

12  I 

3 

2 

E 

55 

29 

20  j 

4 

2 

F 

17 

1 6“ 

4 

2 

1 

• 6 dB  FADE  MARGIN 

• DASHED  LINES  10"6  BER 

• DOTTED  LINES:  lO’^BER 


UPLINK 

AVAILABILITY 

99.99% 

99.95% 

99.9  % 

99.5  % 

99% 

ZONE 

B 

29 

L B 

9 

5 

2 

C 

45 

17 

“! 

3 

2 

D1 

50 

21 

4 

2 

D2 

63 

28 

27  i 

43  1 

6 

3 

D3 

80 

39 

8 

4 

E 

120 

64 

10 

4 

F 

37 

r b 

9 

4 

2 

• 15  dB  FADE  MARGIN 


GPS  TANDEM  LINK  AVAFuABIIITY 


Assuming  uplink  and  downlink  maa^ins  of  15  dB  and  6 dB  respectively,  the  link  availabilities  shown  in  the  table  result. 
In  particalar  th^r  get  as  low  as  99.0%  in  rain  zones  D2,  D3  and  E.  This  assumes  stations  communicatii^  in  the  same 
rain  zone.  Communication  between  rain  zones  will  improve  the  poor  availabilities  and  degrade  the  better  ones.  If 
all  the  margins  shown  previously  to  be  available  through  the  use  of  EEC  and  the  VPD  BEN  is  used  to  compensate  rain 
fading  then  availabilities  of  about  99. 5%  can  be  obtained. 


! 


6EKIRAL 

ELECTRIC 


CPSTANDEM  LINK  AVAILABILITY 


RAIN 


ZONE 

AVAILABILITY 

B 

99.  9 % 

C 

99.9  % 

D1 

99.9  % 

D2 

99.0  % 

D3 

99.  0 % 

E 

99.0  % 

F 

99.9  % 

1 


STAGE  SYSTEMS  DIVISK>ri 


i 


• 6 dB  DOWNLINK  FADE  MARGIN 

• 15  dB  UPLINK  FADE  MARGIN 


LOAD 


it  with  reduced  CPS  capacify.  Only  one  sector  plus 
27.5  MSPS  liiaks  and  only  one  110  ]\!SPS  downlink  is 


For  this  option  the  scan  sector  is  taken  to  include  the  CONUS  East  Coast  but  is  modified  from  the  baseUne  to  include 
the  Cleveland  area. 


I.  J 


ll 


OPTION  1 PAYLOAD 


GENERAL 

ELECTRIC 


SPACE  SYSTEMS  DiVlSiON 


• S INGLE  SECTOR  SCAN  + 3 SPOTS 


• TWO  27.5  MBPS  UPLINKS 


• S INGLE  110  MBPS  DOWNLINK  CHANNEL 


EXTEND  SECTOR  2 COVERAGE  TO  INCLUDE 
CLEVELAND  IN  SCANNING  BEAM 


OPTION  1 PAYLOAD  BLOiGK  DIAGERAM 


Except  for  the  elnninatioii  of  one  set  of  scanning  beam  feed  horns  and  BFN's  and  miscellaneous  switches  the  payload 
is  similar  to  the  baseline.  However,  due  to  the  reduction  in  the  number  of  PDMA  channels,  the  BBP  is  considerably 
simplified. 


baseband  processor  for  option  1 


Ilte  “"tents  axe  sMtaly  etatpUfled.  The  baseband  switch  canbe  stnapUfied  to  one  elentent  of 


the  CLOS  switcli. 


1’0NV*HTEK 


fT^ 


ASSEMBLY  CHANGE  - OPTION  1 


The  estmated  reduction  of  the  p^load  weight  and  power  are  shown  in  the  table.  The  processor  changes  are  estimated 
under  the  assumption  that  the  technology  developments  leading  to  an  operational  system  are  used  for  this  cptiom 


GENERAL 

ELECTRIC 


ASSEMBLY  CHANGE 
OPTION  1 


SPACE  SYSTEMS  DIVISION 


ITEM 

WT 

LB 

POWER 

WATTS 

ANTENNA  (BEN  + WG  + FEED  SUPPORT) 

-14 

-12 

PROCESSOR 

- 10. 9 

-47 

SWITCHES  (30/20  GHz,  WG) 

2.0 

0 

MIXER/LO  ASS'Y 

- 2. 7 

0 

- 29. 6 LB 


- 59  WATTS 


OPTION  2 PAYLOAD 


This  opUon  adds  a SS-FDMA  CPS  cE^abUify  to  the  payload  but  leaves  the  baseline  payload  otherwise  unce??oged*  To 
incorporate  this  addition  the  IF  switch  is  extended  to  provide  routing  to  the  SS-FDRIA  assembly.  This  makes  FDMA 
operation  available  to  the  trunking  nodes  as  well  as  to  the  CPS  sites,  if  desired. 

Alternatively,  separate  IF  switches  can  be  used  to  route  the  fixed  beam  signals  to  the  FDMA  routing  assembly  as 
described  in  the  fiitroduction  to  this  Report. 


OPTION  2 PAYLOAD 


GENERAL 

ELECTRIC 


SSI9 

SPACE  SYSTSiS  DIVISION 


• ADD  SS-FDMA  SUBSYSTEM  TO  BASELINE  PAYLOAD 


• EXTEND  IF  SW  ITCH  TO  8 X 8 TO  ROUTE  CHANNaS 
TO  SS-FDAIA  SUBSYSTEM 


- FOMA  AVA ILABLE  TO  TRUNK  ING  AND 
CPS  SITES 


OPTION  2 PAYLOAD  BLOCK  DIAGRAlkl 


The  SS-FDMA  assembly  Is  added  to  the  baseline  payload  and  the  IF  SS-TDMA  switch  Is  extended  to  an  8 x 8 switch  to  in 
corporate  the  SS-FDhIA  assembly.  Also,  since  multiple  carriers  wiU  now  access  the  transmitters,  me^  mn^ 
pi^dedlor  linearization  when  In  the  SS-FDMA  mode.  Hie  TTaC  capabilities  must  be  extended  to  provide  control  of 
the  SS-FDMA  equipment.  Otter  than  these  changes  the  payload  is  the  same  as  for  the  baseline. 


OPTION  2 FDMA  NARROWBAND  CHANNEUZATION/SWirCHING  ASSEMBLY 

(FIXED  BEAM  OPERATION) 


An  adequate  test  of  FDI^IA  technology  and  systems  canl»e  achieved  by  including  the  proposed  FDMA  xoutiiig  assembly 
for  operation  with  the  four  fixed  beams.  Each  of  the  four  uplink  beams  is  downconverted  into  the  300  MHz  frequency 
band  for  10  MHz  chaimelization  via  SAW  filters  and  full  cross  point  switching.  This  permits  four  10  klHz  paths  Lrom 
each  uplink  to  each  of  four  downlinks  with  switch  reconfigurability. 

The  fixed  beam  satellite  G/T  and  EIRP  are  sufficient  to  siqpport  FDMA  earth  stations  having  antennas  as  small  as  one 
meter  in  conjunction  with  one  watt  HPA’s.  FDMA  operation  requires  linearization  of  the  TWT  and/or  IMPATT  ampli- 
fiers to  achieve  acceptable  intermodulation  performance.  This  is  accomplished  by  controlling  the  drive  to  the  final 
amplifiers. 


i' 


GENERAL 

ELECTRIC 


FDMA  NARROWBAND  CHANNELIZATIONllSWITCHINe  ASSEMBLY, 


BW  = 200 
I 


IFCeCHz) 


♦ 

[xVIlpf' 


(ONE  OF  FOUR 
INPUTS) 


6045  6065  6085 

i 6055  f 6075  » 6095 


6040  MHz 


6100  MHz 


OPTION  2 

(FIXED  BEAM  OPERATION) 


fc  Si  300  MHZ  (SAW) 
BW  = 10  MHZ 

/ 


BPF  hHx) jLPF 


iBPF  H(X>-HLPF 


iBPF  h-(X>HLPF 


FREQ  SYN 


LOk.0  to 


INPUT  L.O.  ASSEMBLY 


CHANNEL  FILTER 
L.O.  REJECT 

/ 15  ± 5 MHZ  ~300  MHz 


16  X 16 

CROSS 
POINT 
NB  SWITCH 


SWITCH 

CONTROL 


T C 


FREQ  SYN 


SPACE  SYSTEMS  DIVISION 


BW  = 200  6CHZ 


HPFU—1F(6GHZ) 


(ONE  OF 

FOUR 

OUTPUTS) 


ES  f 1 METER  ANTENNA 
t 1 WATT  HPA 


OUTPUT  L.O.  ASSEMBLY 


DATA 

VOICE 

POWER 

AVAIL. 


40  MBPS/BEAM 
640  CKTS/BEAM 

diversity 

0.999-0.9995 


OPERATING  CHARACTERISTICS 
SS-FDMA/CPS  FIXED  BEAM  OPERATION 


Using  32  kbps  4 0 CPSK  delta  modulation  as  a standard  unit  of  cjypacity  the  baseline  satellite  performance  is  adequate 
to  provide  640  such  voice  circuits  or  trunks,  per  beam  for  test  and  demonstration  of  FDMA  by  earth  stations  located 
■within  the  fixed  beams. 

To  accomplish  an  attractive  e3q>eriment  fuU  signalling  and  switching  and  automaficfade  response  via  powisr  diversity, 
using  the  MCG  should  be  provided.  Use  of  variable  speed  MODEMS  in  the  range  of  32  kbps  to  128  kbps  will  enhance  * 
flexibility..  Because  power  diversity  operation  with  FDMA  is  effective  in  providing  availability  of  0.9995  or  better  the 
network  can  be  designed  to  survive  sun  transmit  outages. 


OPERATING  CHARACTERISTICS 
SS-FDMA/CPS  (FIXED  BEAM  OPERATION) 


m 


M 


m 


GENERAL 

ELECTRIC 

FREQUENCY,  GHz 


POWER,  dBw 
LOSSES,  dB 


20 
+ 16 
-1.5 


BACK-OFF,  dB 

-7.0 

!,..j  . ■ 

ANTENNA  GAIN,  PEAK,  dBi 

51 

"*1 

r:'-l,  : 

U 

EDGE  LOSS  (AVERAGE),  dB 

-1.5 

Tl 

EIRP,  dBw 

57 

U«vi 

MISC.  LOSSES,  dB 

-2.0 

ANTENNA  GAIN,  dB 

43.2  (IM) 

; ! 

RECEIVER  SIGNAL,  dBw 

-111.4 

SYSTEM  TEMP  (CLEAR  SKY),  dB  > K 

28.0(NF=5dB) 

C/T  dBw/°K 

-139.4 

; - 

BW,  dB>lHz* 

43 

CNR,  TOTAL,  dB 

46.2 

CNR-„,  dB 

NUMBER  OFVOICE TRUNKS  (PER  BEAM) 

18.5 

640  (BANDWIDTH  LIMITED) 

4 0 CPSK,  AMOD,  32  KBPS 


SPACE  SYSTEMS  DlVISiON 

30 

0 

2 

0 

46.8 

0.5  (POINTING) 

44.3 

2 

51 

119.8 
30 

149.8 


35.8 

(17.5  dB  EXCESS) 


8:-:,  ? 


GNR  (UP/DOWN)  VERSUS  FADE  MARGIN 

is  plotted  to  slow  typical  power  diversify  operation  with 
FDIM.  In  this  system  it  Is  assumed  that  worst  case  cross  polarization  isolation  and  sidelobe  isolation  are  used  to 

nummize  c»-cliamiel  interference  from  neighborii^ 

The  solid  lines  represent  two  assiimptions  with  regard  to  numbers  of  carriers  based  on  a total  availability  of  0 999  and 
^_mtermo<Mation  ratio  of  25  dB.  Fixed  margins  of  3 - 4 dB  corresponding  to  18  - 19  dB  carrier  to  noise  ratios  are 
mdicated.  Improving  intermodulation  to  30  dB  (dashed  lines)  reduces  thermal  CNR  requirements  by  only  0.5  dB  in- 
•cali^  t^t  intermodulation  at  iMs  value  is  not  a particular  problem.  "While  not  shown,  calculations  indicate  that 
availabilities  of  0.  9995  are  readily  achievable  for  the  assumed  parameters  but  with  somewhat  hi^er  CNR's, 


cJ 


OPTION  2 ASSEMBLY  CHANGE 


Addition  of  the  FDMA  ^stem  requires  the  addition  of  the  channelization  and  swltchinz  "routine"  n«n»n,Mn  i 

described,  and  eight  coax  sudtehes  to  route  the  EDMA  signals  to  the  ro^  SSf  ^ 

is  increased  h.  12.4  pounds  and  U.  power  is  increased  ^Twatts!  ”S’;nXtlSr^ 


ampMers  are  to  be  used  they  must  be  designed  to  achieve  the  required  linearlly.  No  such  require- 
ment  is  presently  imposed  on  the  present  IMPATT  POC  programs.  > ° suen  require- 


/diS^ 


TELEMETRY  AND  COMMAND  SUBSYSTEM 


The  proposed  TT&C  suhi^stem  is  based  directly  on  the  BS  2 TT&C  subsystem,  which  evolved  from  the  earlier  BSE 
TT&C  subsystem  which  has  operated  successfully  in  orbit.  The  siib^stem  proposed  will  use  only  the  S-band  com- 
ponents of  the  previous  configurations,  which  provide  adequate  performance  for  the  proposed  mission  with  a smaller 
packi^e.  The  general  TT&C  operation  is  the  same  as  the  BS  2 subsystem  except  operation  will  be  continuous  because 
the  subsystem  will  constantly  control  the  routing/switching  of  the  uplink  channels  to  the  various  beams,  not  required  in 
the  BS  2.  The  S-band  operating  parameters  will  be  the  same  as  BS  2; 


Command:  nominal  2100  MHz  carrier  with  a 1 kbps  rate  with  NBZ-L  format;  data  at  200  bps;  BER  < 10 
Telemetry:  240/221  times  CMD  frequency,  512  bps  with  Biphase-L  format,  8-bit  words;  BER  < 10”®;  850  mW 

Ranging:  Tone/PM  with  four  major  tones  (500  kHz  to  20  kHz)  and  seven  minor  tones  (100  Miz  to  10  Hz) 

The  Command  and  Telemetry  functions  include  switching  for  routing  uplink  signals  on  a particular  beam  to  the  correct 
downlink  beam  for  the  signal  destination,  not  required  for  the  BS  2.  The  switch  signals  are  generated  at  the  earth 
station,  which  determines  the  optimum  ticunk  routing  based  on  system  channel  demands.  The  current  command  rate 
is  adequate  for  the  initial  system  configuration,  and  may  be  ipdated  for  larger  numbers  of  channel  switches  in  the 
future. 





GENERAL 

ELECTRIC 


ri 

TaEMETRY  AND  COMAAAND  SUBSYSTEM 

SPACE  SYSTEMS  tHV{SK>K 

BASED  ON  THE  BS-2  DESIGN 

- USED  FOR  S/C  TELEMETRY  COMMAND  AND  RANGING 

- PAYLOAD  TELEMETRY  AND  CONTROL  DATA  IN  TRUNKING 
OPERATION 

EARTH  STATION 

- 5 METER  DIAMETER  ANTENNA,  FIXED  POINTING 

- 2KWTRANSMIHER 


TELEMETRY  AND  COMMAND  SUBSYSTEM  BLOCK  DLAGRAM 


The  TT&C  Transponder  is  a direct  BS  2 transfer  except  only  the  S-band  components  are  used  (and  Ku-band  are  elimin- 
ate^. A (^lal  antenna  system  coupled  Iqr  a bydrid  combiner  insures  meeting  a reouirement  for  at  least  a -7  dB  gain 
oyer  ± 100  angle  from  the  yaw  axis,  and  a 0 dB  gain  within  + 10°,  (solar  array  deployed).  For  receive,  a diplexer 
directs  the  signal  to  a hybrid  which  applies  the  input  power  to  the  two  receivers;  the  output  of  the  select^  receiver 
demodulator,  and  decoder  is  then  used  to  control  the  satelUte*  The  uplink  signal  requirement  at  the  receiver  inputfe: 
carrier  acquisition  threshold  = -107. 5 dBm;  command  threshold  ==  -105. 0 dBm. 

The  ranging  tone  signals  from  the  phase  lock  receiver  demodulator  are  routed  direcfly  to  the  operating  transmitter 
for  immediate  re-transmission.  A switch  routes  the  active  receiver  output  to  the  active  transmitter.  The  delay  time 
through  the  transponder  is  specified  at  1000  + 40  nsec  which  permits  adequate  ranging  accuracy  to  control  the  satellite. 

The  transmitter  unit,  with  redundancy,  use^  appropriate  switches  Ito  select  the  encoder/transmitter  channel.  The 
telemetry  data  is  PSK  modulated  onto  a 190  Mfe  subcarrier  whicdi  is  applied,  along  with  the  ranging-  tones,  to  the 
transmitter  phase  modulator.  Telemetry  words  are  8 bits  in  length,  with  64  words  per  minor  frame  and  1024  words 

per  major  frame.  The  allocation  of  data  for  monitoring  traffic  routing  and  for  monitoring  satellite  functions  is  still 
to  be  determined. 

The  TT&C  subsystem  is  directly  usable  during  launch  as  well  as  for  normal  operational  functions  in  orbit. 


■ ■ ; • ■ I ■ ^ 1 1 'll  f r . 


TELEIVIETRY  AND  COimiAND  EARTH  STATION  (TAQ 


The  TAG  p^de^the  control  signals  for  the  sateUite.  For  the  proposed  astern,  it  iviU  also  provide  user  signal 
s^vltchlng  vfhere  trj^  reconfiguration  at  the  command  rate  is  acceptable*  The  computer  generates  aH  commands  in 
response  to  telemetry  signals,  user  requirements,  and  orbit  and  control  data  &om  remote  centers. 


The  block  diagram  Incorporates  the  three  major  functions  of  the  TAG;  commands  from  the  SGG  computer  throu^  the 
encoder  and  transmitters  telemetry  signals  received  and  processed  for  use  by  the  SCO  t»mputer  and  SCO  operators- 
and  ran^  sign^^transmitted,  received  and  processed.  The  SGC  computer  operation  is  monitored  at  several  con- 
soles mthm  toe  SGC;  provisions  are  included  to  insert  local  data  and  commands  as  ^ as  to  incorporate  inputs  from 
the  1^0  remote  ^ons.  GSFG  ’sviU  generate  orbit  data  and  provide  the  necessary  information  to  generate 
control  co^andsj  the  SGC  -wiU  provide  inputs  for  the  overaU  control  of  the  sateUite  system.  The  additional  function 
of  controUmg  chmnel  switching  in  the  sateUite  is  impUcit  in  the  Command  and  Telemetry  operation.  The  verv  hl^ 

^ed  switchi^  wh^^  required  for  versatile  TDMA  operation  should  be  provided  by  a separate  subsystem  not 

associated  with  the  TT&C  functioning,  ^ 


pie  TAG  uses  a 2 kW  transmitter  with  a five  meter  diameter  antenna.  The  BER  in  the  sateUite  is  less  than  10"®  which 
IS  considered  satisfactory  for  the  proposed  system.  The  telemetrjr  receive  BER  is  better  than  10-5,  also  considered 
acceptable.  Perhaps  the  significant  difference  in  TT&C  operation  for  this  system  as  compared  to  the  BS  2 is  tte 
addition  of  the  switching  comm^ds  which  reduces  the  time  avaUable  for  TT&G  fimctions;  however,  the  data  transfers 
pre  adequate  for  normal  operations  and,  as  emergency  override,  ctan  be  incorporated  as  required  if  additional  TT&C 
is  required  at  any  point  in  time. 


GENERAL 

ELECTRIC 


TELEMETRY  AND  COMMAND  EARTH  STATION 


STAKSYSTBAS  tXVTSION 


5 METER 


4fl^ 


ANTENNA  DESIGN  REQUIREMENTS 


M dB.  30  off  boresight.  tt  wa«  posaible  to  optlinLe  peidc  gair  of 

^ u«  the  «.led  dtoenelon.  for  the  opUohl^  *“•  retfSTn,! 

mUed  for  operation  at  both  the  uplink  and  the  downlink  . *“*  ““  “tenna  can  be  <ptl- 

refle^r  with  Ita  aaaoclated  aupporte  and  deploymenta  ualne  the  **“  “ «<<*U<»al  i«>tiirii 

aepar^  the  signals)  or  can  be  orthogonal  (usiis  orthomode  e«mi  can  be  the  same  (using  a diplexer  to 

net^rka  crowdl.*  problem  1.  ov^e  " *"  BeamVormui 

spherical  surface.  ^ spreamng  the  connecUons  away  behind  the  feeds  which  are  located  oTa 


GENERAL 

ELECTRIC 


ANTENNA  DESIGN  REQUIREMENTS 


THREE  METER  ANTENNA  FOR  DOWNLINK  OPERATION  AT  20  GHz 
MINIMUM  PEAK  GAIN  OF 51  dB,  3°  OFF  BORES IGHT 


SPACE  SYSTEMS  DIVISION 


• THE  UPLINK  ANTENNA  AT  30  GHz  SHALL  HAVE  THE  SAME  HALF  POWER  BEAM- 
WIDTH  AS  THE  DOWNLINK 


• COMMON  UTILIZATION  OFTHETRUNKING  AND  CPS  ELEMENTS  WHERE  POSSIBLE 

• CLEVELAND  OPERATION  IN  EITHER  THE  TRUNK  OR  CPS  MODES  WITH  ADDITIONAL 
MONOPULSE  CONTROL 


• SIX  NETWORK  NODES  WITH  FOUR  S IMULTANEOUSLY  ACTIVE  AND  MONOPULSE 
OPERATION  AT  LOS  ANGELES 

• TWO  SCANN ING  BEAMS  EACH  OCCUPYING  TENTH  OF  CONUS 

• EVALUATION  OF  WE  IGHT  AND  POWER  IMPACT  WHEN  US  ING  ONLY  ONE  SECTOR 
AND  THREE  ADDITIONAL  SCANNING  SPOT  BEAM  LOCATIONS 

• SCALABLE  TO  OPERATIONAL  SYSTEM 


GENERAL 

ELECTRIC 


KEY  ANTENNA  ISSUES  FOR  SSUS-D  LAUNCHED 
Ka-BAND  COMSAT  SYSTEM 


SPACE  SYSTEMS  DtVtSION 


CONFIGURATION;  ONE  ANTENNA  VS.  TWO  ANTENNAS 


OPTICS;  SiNGLEREaECTOR  VS.  DUALREaECTORS 

POLAR  IZATION;  IDENTICAL  TRANSMIT/RECEIVE  VS.  ORTHOGONAL  TRANSMIT/RECEI  VE 


j 


i 


I 


SCAN  BEAM  BFN: 
CONTROL  ELEMENT: 


3 LAYER  VS.  4 LAYER 
SWITCH  VS.  VPD/VPS 


RF  TRACKING:  CP  VS.  LP 


CONFIGURATION 


This  chart  smmnartaes  the  advahtages  aad  disadvaatagea  o£  alagte  reflector  veraoa  dual  reflector  design  approaches 
considering  only  direct  ramifications  to  antenna  performance. 
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GENERAL 

ELECTRIC 


CONFIGURATION 


m 


STAGE  SYSTEMS  OMSION 


ADVANTAGES 


DISADVANTAGES 


SINGLE  REFLECTOR 


REQUIRES  ONLY  ONE  OPTICAL  COMPONENT 
LATERAL  DIMENSION  OF  OPTICS  IS  SMALLER 


RESULTS  IN  LESS  WEIGHT 


AXIAL  DIMENSION  OF  OPTICS  IS  LARGER 
FOR  THE  SAME  EQUIVALENT  F/D 

FEED  LENGTH  ADDS  TO  OVERALL  AXIAL 
LENGTH  OF  OPTICS 

FEED  AND  MAIN  REFLECTOR  ARE  SEPARATED  1 
BY  LARGE  DISTANCE,  WHICH  MAY  REQUIRE 
LONG  W.G.  RUN  IN  CERTAIN  CONFIGURATIONS 


DUAL  REFLECTOR 


axial  DIMENSION  OF  OPTICS  IS  SMALLER 


feed  is  at  MORE  CONVENIENT  LOCATION 


IT  IS  POSSIBLE  TO  USE  SUBREFLECTOR  FOR 
POLARIZATION  COMBINATION  OR  DIPLEXING 


RMS  SURFACE  INACCURACIES  OF  THE  TWO 
REFLECTORS  COMBINE 

LATERAL  DIMENSION  OF  OPTICS  IS  LARGER 
WITH  ACCEPTABLE  SUBREFLECTOR  AND  FEED 
HORN  APERTURE  DIMENSIONS 

OPTICAL  ALIGNMENT  IS  MORE  DIFFICULT 

SPILLOVER  RADIATION  (DIFFRACTION)  IS  IN 
DIRECTION  OF  COVERAGE  RANGE 

ELECTRICAL  PERFORMANCE  FOR  LARGE  SCAN 
ANGLE  IS  POORER 


GENERAL 

ELECTRIC 


OPTICS 


SfiSO 

STAGE  SYSTEMS  DIVISION 


ADVANTAGES  DISADVANTAGES 

ONE  ANTENNA 

LESS  VOLUME.  MORE  CROWDED  FEED  CIRCUIT. 

LESS  WEIGHT.  ABOUT  TWICE  AS  MANY  BFN  COMPONENTS. 

SINGLE  DEPLOYMENT.  LOWER  30  GHz  CONTOUR  GAIN. 

30  GHz  AVERAGE  GAIN  IS  HIGHER.  ABOUT  HALF  FRAME  TIME  PER  BEAM  POSITION. 

FOR  RF  TRACKING  IT  REQUIRES  ONLY  1 LARGER  30  GHz  GAIN  SLOPE. 

TRACKING  CIRCUIT. 

TWO  ANTENNAS 

TRANSMIT  AND  RECEIVE  FEEDS  ARE  MORE  VOLUME  REQUIREMENT  RESULTS  IN 

PHYSICALLY  SEPARATED.  COMPROMISED  GEOMETRY. 

CONTOUR  GAIN  CAN  BE  OPTIMIZED  FOR  MORE  WEIGHT. 

BOTH  BANDS.  DEPLOYMENT. 

NO  DIPLEXER  IS  REQUIRED. 


BFN 


This  chart  summarizes  the  advantages  and  disadvantages  of  using  a 3 layer  BFN  versus  a.  4 layer  BFN. 
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GENERAL 

ElECTRiC 


BFN 


SPACE  SYSTEMS  DlVlStON 


ADVANTAGES 


DISADVANTAGES 


3 LAYERS  PER  SCANNING  BEAM 


SIMPLER  MICROWAVE  AND  CONTROL  CIRCUIT.  ALLOWS  MINIMUM  CELL  SIZE  OFa*0.5°  ONLY 


SMALLER  VOLUME  WEIGHT  AND  COST.  PEAK  AND  CONTOUR  GAIN  I S LOWER. 

OPTIMUM  REFLECTOR  DIAMETER  IS  SMALLER. 

LONGER  DWELL  TIME. 


4 LAYERS  PER  SCANNING  BEAM 


ALLOWS  MINIMUM  CELL  SIZE  OF  as  0.35® 
THUS  IT  HAS  MORE  TRAFFIC  MATCHING 
FLEXIBILITY. 

HAS  LARGER  PEAK  AND  CONTOUR  GAIN. 


REQUIRES  TWICE  AS  MANY  COMPONENTS 
THAN  3 LAYER  SYSTEM. 

RESULTS  IN  HALF  DWELLTIME  RELATIVE  TO 
3 LAYER  SYSTEM. 


MORE  LOSSY. 


CONTROL  ELEMENT 


This  chart  summarizes  flie  advantages  and  disadvantages  of  usin^j  switches  for  scan  control  versus  VPD’s. 
Variable  ph^e  shifters  (VP^  also  are  considered  but  analysis  indicates  these  are  not  needed. 


CONTROL  ELEMENT 


GENERAL 

ELECTRtC 


SPACESYSTEMS 


ADVANTAGES  DISADVANTAGES 

SWITCH 

simple.  capable  of  singlet  formation  only. 

2 STATE  CONTROL  LOWEST  GAIN  AT  TRIPLE  CROSSOVERS 

LOWEST  LOSS. 

SMALLEST  VOLUME. 

SMALLEST  WEIGHT. 


FASTEST  RESPONSE. 


VPD/VPS 


ALLOWS  FORMATION  OF  DOUBLETS,  TRIPLETS 
OR  LOW  SIDELOBE  SPOT  BEAMS 

FOR  2 REFLECTOR  CASE  IT  IMPROVES 
MINIMUM  CONTOUR  GAIN  BY  ABOUT  1 DB 

FOR  I RffLECTOR  CASE  IT  COULD  INCREASE 
MINIMUM  CONTOUR  GAIN  BY  ABOUT  1 DB 

ON  DOWNLINK  AND  5 dB  ON  UPLINK 


VPD  IS  MADE  UP  OF  4 COMPONENTS,  2 
OF  WHICH  ARE  VAR  I ABLE 

VPS/VPS  IS  ABOUTTWICEAS  LOSSY  AS  SWITCH 

FLEXIBLE  USE  REQUIRES  VPS  WHICH  IN- 
CREASES SWITCHING  TIME  AND  INCREASES 
LOSS. 

LOSS  INCREASE  DUE  TO  VPS  IS  ABOUT  1 DB. 


INCREASED  WEIGHT,  VOLUME  AND 
POWER  CONSUMPTION. 


POLASEATION 


This  chart  compares  the  use  of  identical  versus  orthogonid.  transmit/receive  polarizations.  The  orthc^onally  polarized 
case  is  clearly  preferred. 


)URIZATION 


i& 


SPACESYSrawS  DIVISION 


ORTHOGONAL 

TRANSMIT/RECEIVE  POLAR IZATION 


REQUIRES  ORTHOGONAL  COUPLER  AND 
POSSIBLE  ADDITIONAL  FILTERS,  BUT  HAS 
LOWER  LOSS  AND  SIMPLER  DESIGN. 


GENERAL 

ELECTRIC 


CP 

ALLOWS  SIMPLE MONOPULSE 
COUPLER  USING  1 HORN. 


' 

T rti  '*  • I'u  i'l' 


RFTRACKING 


LP 

NEEDS  A MINIMUM  OF  3 AND 
POSS IBLY  4 HORNS  FOR  MONO- 
PULSE  TRACKING. 


ANGLE  IN.  DEGREES 
.00  s.oo  s.oo  r.oo 


6ENERAL 

ELECTRIC 


BEAM  TOPOLOGY  PLAN  FOR  « = 0,5° 


100.0  DEG  WEST 


SS^ 

VACE  SYSTEMS  DM^OK 


0.50-0.50  CELL 


ANGLE  IN  DEGKtEb' 
,00  5.00  6.00  7,0.0 


GENERAL 

ELECTRIC 


BEAM  TOPOLOGY  PLAN  FOR  “ = 0.45° 


I 

-4.00 


STAGE  SYSTEMS  DIVISiON 


100.0  DEG  WEST! 

0.45-0.45  CELL 


ANGLE  IN  DEGREES 


beam  TOPOIXX5Y  PliAN  FOR  a — 0. 4 


Tils  plaa  favors  the  <®tlmizatlon  of  the  dowilink.  usiog  the  one  reflector  concept.  The 
at  the  triplet  intersection  mi^int,  when  switching  is  used  for  scanning. 

The  situation  is  considerably  improved  the  use  of  VPB’s. 


uplink  isignal  level  suffers  only 


al 


BEAIVI  TOPOLCX5Y  PLAN  POR  a = 0.35° 

This  plan  favors  the  uplink  performance  at  the  expense  of  approximately  half  a dB  In  the  downlink. 
Dimensions  are  given  for  the  size  of  the  feed  horn  layout  and  the  configuration  of  the  reflector. 
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BEAM  TOPOLOGY  PLAN  FOR  a-  0. 


ui  2 


beam  topology  plan  for  a — 0.35° 


This  chart  diows  the 


selected  polarizations  of  the  scan  and  the  spot  beams. 


BASIC  GEOMETRICAL  CHARACTERISTICS  OF  SINGLE  AND  DUAL  REFLECTOR  OFFSET  FED  OPTICS 


This  geometrical  presentation  shows  the  complexity  of  using  Cassegrainian  arrangements,  and  the  increased  dimensions 
of  the  feed  cluster*  Note  that  while  the  front  to  hack  overall  dimension  is  reduced  over  that  of  the  PFF  die  reflector 
height  is  increased  substantially.  A flat  suhreflector  {or  nearly  flat)  Is  a preferred  <dioice  in  tiiis:  arrangemmit. 


EQUIVALENT  LATERAL  DIM.  OF 
OPTICS  FOR  FOCAL  POINT  SYSTEM 


DEPTH  OF  OPTICS  FOR  FOCAL  POINT  SYSTEM 


A15TENNA  EFFICIENGy  VERSUS  SCAN  ANGLE 


This  chart  sunmaiizes  some  typical  beam  and  scan  eltioienoles  of  diHerent  offset  astema  oocAgurattons.  Th® 
meters  are  the  F/D  ratio,  Q/D  (which  is  the  vertix  offset  normalized  to  the  reflector  diameter),  Dj.  (the  diameter  wave 
length  xatio),  0j^  (the  maximuin  scan  angle)  and  a (cell  size  beam  mdth). 

Note  the  range  of  the  edge  t^er  T which  effects  efficiency. 


ANTENNA  EFFICIENCY  VS.  SCAN  ANGLE 


GENERAL 

ELECTRIC 


SPACE  SYSTEMS  DIVIStON 


CONTOUR 


RECEIVE  PUNCTION  PEED  IIETWORK 


:,  i 


TMs  diagram  describes  the  BPN  network  for  forming  two  sector  scan  beams  and  six  fixed  s^t  beams.  16  ^oms  are 
^d  fo^ach  sector  scan  plus  separate  horns  for  Houston.  Eos  Angeles  and  Tampa.  Note  that  New  York,  Washmgton 

aid  Cleveland  share  horns  with  the  scanning  antennas. 


3 5' 
i i 


I 

^ j 


geometry  of  multimode  horn  for  55%  BANDWIDTH 


E*f 


11 


This  configuration  is  scaled  froin  a developed  horn  which  is  built  by  General  Electric,  Valley  Forge,  for  INTELSAT  and 
operates  at  C-band  (6  GHz-band) . It  operates  using  circularly  polarized  signals.  Such  a horn,  when  used  for  this  appli- 

exactly  as  scaled  when  used  in  clusters  of  triplets.  The  clustering  also  reduces  the  cross- 
of  ihe  offset  reflector,  as  explained  later.  For  singlet  operatiou  a TMOl  mode  or  the  TE21  mode  is  added  which  re- 
duces the  linearly  polarized  cross-pol  of  the  offset  reflector. 
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MEASURED  PATTERNS  OP  WIDEBAND  REDIRECTING  ELEMENT  POR  SINGLE  REPLECTOR  OPTICS 
These  3.re  the  patterns  of  the  Wideband  hom  which  is  scaled  in  the  previous  chart. 


MEASURED  PATTERNS  OF  WIDEBAND 


R ADIATING  EliiEMENT  FOR  DUAL  REFLECTOR  OPTICS 


These  patterns  are  scaled  from  a 
antenna. 


similar  wideW  multimode  horn  which  la  used  in  a Cassegrainian  earth  station 


GENERAL 

ELECTRIC 


MEASURED  PAHERNS  OFWIDE  BAND 
RADIATING  ELEMENT  FOR  DUAL  REJECTOR  OPTICS 


SPACESYSTEMS  OfVXSK>N 
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MEASURED  PATTERN  OF  DUAL  FREQUENCY  BAND 
MULTSMODE  HORN,  17.7  GHz  (SCALED). 


MEASURED  PATTERN  OF  DUAL  FREQUENCY  BAND 
MULTIMODE  HORN,  28.3  GHz  (SCALED). 


WIDEBAJSrD  FEED  COMPONENTS 


These  are  photographs  of  a wideband  orthocoupler  and  a wideband  diplexer  whicli  operate  at  C-band.  The  orihocoupler 
was  buUt  for  INTELSAT  and  its  two  ports  handle  the  uplink  and  the  downlink  (each  on  one  port). 
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ACHIEVABIJE  GAIN  GHAKACTERISTIGS  jFOR  SPOT  BEASIS 


The  dB  numbers  are  the  evaluated  insertion  loss  of  the  feed  network  based  on  the  component  losses  previously  tabulated. 
These  are  subject  to  improvements  by  a few  tenths  of  a dB  as  switches  and  components  improve  by  continuing  develc^- 
ment.  The  worst  case  gains  are  "boxed  in. " The  BF  gain  numbers  (Gq)  are  as  shown  on  the  projected  spot  beam  charts 
at  the  end  of  this  section. 


ACHIEVABLE  GAIN  CHARACTER  I ST  ICS  FOR  SPOT  BEAMS 


(1  ANTENNA  CONFIGURATION,  d » L 05  IN,  D = 120  IN) 


18.95  GHz 


CL 

53.00 

0.65 

NY 
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LA 
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STAGE  SYSTEMS  I»VISION 
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GENERAL 

ELECTRIC 


ACHIEVABLE  GAIN  CHARACTERISTICS  WITH  VARIOUS 
SCANNING  BEAM  ANTENNA  ALTERNATIVES 

ASSUMPTIONS 

a = 0. 50,  D = 2. 9 m FOR  1 ANTENNA,  D « 2. 9 m/1. 93  m FOR  2 ANTENNAS 
F/D  - 1.3 


m 


SPACESYSTEMS  DIVISION 


SWITCH 


VPD/VPS 


BFN  LOSS  (dB)  20  GHz  30  GHz  20  GHz  | 30  GHz 


AT  f = 20  GHz  (A  = 1.5  cm):  D = 193.33  X , G.  = 55,01  \1  OR  2 ANT) 


f = 30  GHz 

ALTERNATIVES:  1/2  ANTENNA,  SWITCH/VPD 
MAX.  BEAM  SCAN 


Go  = 59. 19  dB/55. 67  dB  (1/2  ANT) 


1 -r  ■■■  ■' 

NO.  OF  ANTENNAS 
BFN  CONFIGURATION 

] 

SWITCH 

' f ' 

FREQUENCY  BAND,  GHz 

20 

•30 

FOR 

SINGLET 

^ PEAK,  dB 

-3.74 

- 4.44 

J 

BEAM 

^ CONL  , dB 

- 7.34 

-10.94 

FOR 

TRIPLET 

BEAM 


' PEAK,  dB 
^ CONL  , dB 


VPD/VPS 
20  1 30 
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L6 
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V® 

5L93 
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48.33 
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G dB 

5a  33 

52.75 

G^.dB 

46.73 

46.25 

SWITCH 


- 4.91 
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- 6.21 
- 8.  83 

50/76, 

52.98 

49.84 

50.36 

47.36 
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46.44 

46.16 

20 

30 

- 3.74 

- 7.34 

- 3.74 

- 7.  94 
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- 4.91 
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-5.83 

3.2 

4.0 

5a  76 

50.46 

49.84 

49.84 

47.56 

46.46 

50.04 
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FRONT  "VIEW  OF  FEED  APERTURES 
(a  = 0.350,  1 antenna  CONFIGURATION) 


This  view  is  a narror  image  of  the  radiation  beam  Prerlonaly  ^ tor  a = 0 35» 


T^ms  view  is  a.  miZTor  inia*itj  ui  -v  — _ ■ ^ ^ ^ ^ 

ing  to  this  ceU  size  is  1. 05”.  The  feed  apertures  are  located  oa  a spherical  surface,  with  the  foc^  poi^  of  ^ 

Seated  on  this  surface  nearer  to  the  eastern  coverage  zone.  The  center  of  the  spherical  sun^  is  on  the  r^ector  ^ 
location  coinciding  with  the  center  axis  of  the  horesight  radiating  aperture.  The  outer  dimensions  of  tne  feed  carrying 
sisscmbly  fox  CONUS  covorago  is  10’^  x 25,2  • 


STOE  VIEW  OF  FEED  CIRCUIT 
(q:  = 0.35®,  1 REFLECTOR  CONFIGURATION) 

This  side  view  shows  some  details  of  the  layout  of  flie  feed  horns  for  the  0.35°  cell  size,  containing  35  boms,  ydiich  32 
are  for  scanning.  The  other  three  plus  five  of  the  scanning  horns  (shared  for  truiJcin^  are  used  for  spot  beams  dimcted 
respectively  to  los  Angeles,  Houston,  Tampa,  Cleveland,  New  York  and  Washington,  D.C.  Only  one  of  those  horns  is 
used  for  three  functions,  e.  g. , shared  in  the  spot  beams  of  New  York  and  Washington,  D.  C.  as  well  as  for  scanning. 

New  York  and  Washington,  D.  C.  ports  are  separated  by  a multiplexer  on  the  same  polaidzation  port  pi'  this  feed  and  the 
scanning  beam  is  on  the  other  polarization.  Consequently  this  feed  has  four  ports.  Two  ports  are  fOr  one  polarization 
at  20  GHz  and  30  GHz  and  the  other  two  are  for  the  other  polarization  at  20  GHz  and  SO  GHz.  Two  of  the  ports  of  the 
vertical  polarization  are  attached  to  multiplexers  to  generate  the  four  ports  ladling  T^  and  functions  for  D.  C.  and 

The  horns  are  drawn  here,  for  simpUcily,  with  their  apertures  on  a flat  plane  instead  Of  a spherical  surface.  This 
demonstrates  the  capability  to  fit  all  the  associated  components  even  when  the  horns  are  on  a flat  surface.  EventuaUy 
the  scanning  beam  ports  conveige  again  to  the  four  ports  shown  to  the  left  of  this  drawing. 
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typical  PART  OF  THE  FEED  CLUSTER  ASSEMBLY 


This  drawing  shews  more  detaUs  rf  the  feed  connections  in  two  planar  views.  In  this  arrangement  the  transmit  $a& 

receive  fimctioM  are  orthogmially  polarized. 


TyHCAI,  LAYOUT  OF  FEED  ASSEMBLY  USING  VPD/VFS  FOR  1 REFLECTOR  CONFIGURATION 

(5  LAYER  IMPLEMENTATION) 


Tids  inasgement  also  shows  the  feasibility  of  packaging  xeceive  and  transmit  BFN's  together,  neg^ctiiilg  Rie  advantage 
at  the  i^dterical  surface. 

Note  that  only  four  VPD  layers  are  needed  for  this  experimental,  system,  instead  of  the  five  layers  dxown  for  complete 
CONUS  coverage  scanning.  Also  note  fliat  the  VPS  (variable  pluise  shiftei^  function  may  be  eliminated. 


ASSUMED  FEED  COMPONENT  WEIGHTS 
(a  = 0,4®,  D = 2.95  m) 


TVtf  gA  yoigTite  are  scaled  from  (Hiier  components  wBich.  were  used  at  C-band  and  at  X-band.  The  weights  of  tbe  VPDs 
are  recently  reported  by  f.ms  (Electromagnetic  Sciences,  Ihc.  technical  report  on  "Microwave  Components  and  Teeb- 
niques  2Q/S0  GHz  Multiple  Beam  Antema  Network’  of  November  5,  1980,  Table  5.1)  to  be  0. 051  bg  at  20  GHz.  The 
weigbi  pi  the  "VPD  and  its  associated  switching  electronics  (without  redundancy)  is  reported  to  be  0.136  Isg.  Therefore, 
the  wel^ts  reported  in  this  table  are  conservative. 


GENERAL 

ELECTRIC 


ASSUMED  FEED  COMPONENT  WEIGHTS  (Kg) 


(a»0.4°,  D = 2.95  cm) 


COMPONENT 

HORN 

ORTHOCOUPIER 

DIPLE)(ER 

SWITCH 

VPD 

VPS 

COMPLETE  RADIATING  SOURCE 


WEIGHT  (K^ 

COMMON  20  GHz 

0.0366 

0.0411 

0.0455 

0.0770 

0.1200 

0.0770 

0. 1231 


STACI- SrSTEMtS  OCVtStON 


30  GHz 


a0500 

0.0850 

0.0500 
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ELECTRIC 


ASSUMED  LOSS  CHARACTERISTICS  (dB) 


S^ACE  SYSTOMS  tXV^iOH 


FREQUENCY  BAND  (GHz) 


20 


30 


WAVEGUIDE  dm) 


SWITCH 


VPD 

VPS 

HORN 

OC 

DIPLEXER 


0.40  dB 
0.25 
0.50 
0.80 
0.10 
0.15 
0.25 
a 15 


a 60  dB 
0.30 
0.60 
LOO 

a 15 
0.20 
a3o 


DIVIDER 


a 20 


ACHIEVABLE  GAIN  CHARACTERISTICS  WITH  VARIOUS  SCANNING  BEAM 

ANTENNA  ALTERNATIVES 

Atlanta)  lowers  the  VPD  losses.  They  report  Variable  Power  Divider  (VPD)  loss  of 
0.38  at  tte  20  GHz  range  and  0.42  dB  tnaxunutn  at  the  30  GHz  range.  Also  it  is  posslMe  to  “mtate 

20  GHz  an^2'!^dB  '“oses  of  the  VPD/VPS  combination  to  2 dB  at 


w 
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ElECTRiC 


ACHIEVABLE  GAIN  CHARACTERISTICS  WITH  VARIOUS 
SCANNING  BEAM  ANTENiNA  ALTERNATIVES 


S*ACE  SYSTEMS  DIVlSiON 


ASSUMPTIONS: 

a.  = a35°,  D -3.045  m FOR  SINGLE  ANTENNA,  D = 3.  045  mI2. 026  m FOR  2 ANTENNAS 
F/D  = 1.32  Q/D  = a212 


SWITCH 

VPD/VPS 

BFN  LOSS 

18.95  GHz 

28.47  GHz 

18.95  GHz 

28.47  GHz 

. L65 

2.1 

3.7 

46 

AT  1=18,95  GHz  (X  = 15.83  cm) 
f = 28.47  GHz  (X=LQ53  cm) 


D = 192.3X,  Go*55.62  (10R2ANT) 
D = 288.97X,  Go=59.16  (lANT) 

0 = 192.3  X.  Gn -55.62  12  ANT) 


ALTERNATIVES:  10R2ANTENNA,  SWITCH  OR VPD/VPS 
74AX.  BEAM  SCAN;  -3° 


““Na  OF  ANTENNAS 

■ ^ ■ 1 ^ 

7 

BFN  CroiFIGURATICN 

SWITCH 

VPDiVPS 

SWITCH 

VPD.VPS 

FREQUENCY  BAND,  GHz 

18.9  GHz 

28.4  GHz 

18.9  GHz 

28.4  GHz 

18.9  GHz 

28.4  GHz 

18.9  GHz 

28L4GHZ 

FOR 

SINGLET 

BEAM 

’’peak* 

’’CONT'  ^ 

-2.629 
- 7.-329 

- ^169 
-12.169 

-2.62® 
- 7.329 

-2.629 

-12.16® 

-2.629 
- 7.3^ 

- 2.62® 
- 7.  329 

‘Y 

- 

.. 

- 7 22' 

-2.62® 

-7.32® 

FOR 

TRIPLET 

BEAM 

9pEAK.dB 

’’CONT' 

-3.82*’ 
- 7.32*> 

-Z9^ 
- 7.92*’ 

-3.82° 

-7.32*’ 

-3.8^ 

-7.32*’ 

‘^CIRC'  ® 

1.65 

2.1 

3.7 

46 

L65 

2.1 

3.7 

46 

G , dB 
po* 

53.00^ 

57.00^ 

53.009 

5L80f> 

57.00? 

56.24° 

53.00® 

52.55® 

53.00® 

5L8rf> 

52.1® 

5a9*’ 

48.3(^ 

47.00® 

48.^ 

48,3° 

5L4C 

47.00® 

57.24° 

5460° 

48.30° 

47.859 

48,30? 

48,30® 

5L40° 

47.4® 

47.^ 

5a5° 

Gp.  dB 

5L35 

5490 

49.3® 

48.1° 

52.409 

5L64° 

5L353 

47.85® 

49-^ 

4^1*’ 

48.i? 

47.^ 

i : 

1 1 

G^.d8  j 

1 46.65 

i J 

44.90 

L_. ] 

446° 

446° 

48.40® 

46.64° 

50.0° 

46.65® 

46,20® 

446“ 

446*’ 

47.7° 

43.7® 

43.7*’ 

46u8° 

a CLEVELAND,  SINGLET 
b DC,  TRIPLET 

c COMBINED  SINGLET/TRIPLETMINIMUM 


SSUS-D  LAYOUT  OF  ANTENNA  FEED  SCHEMES 

This  ^angement  is  intended  for  0.5°  or  0.45°  topology  cells.  In  this  situation  a smaller  antenna  (than  the  120")  is 
needed  with  somewhat  lower  gain  levels.  The  advantage  of  this  system  is  the  small  number  of  component  beams 
allowing  for  longer  dwell  times.  The  number  of  beams  in  each  zone  is  eight.  ’ 


SSiiii 


RECEIVE  FUNCTION  FEED  NETWORK  (TRANSMIT  NETWORK 

USES  SAME  HORNS)  " 

This  shows  the  multifunction  of  the  feed  network  for  both  East  and  Mid  West  Zones  of  the  enperimental  ^stem. 

There  are  16  horns  in  each  zone,  for  beam  scanning,  with  a cell  size  of  0.35°  or  0,4°.  This  results  infour  layers 
of  Variable  Power  Dividers  (VPDs)  or  switches  (SW) . The  insertion  loss  of  the  ferrite  switches  is  less  than  the  loss 
of  the  VPDS.  The  VPDs,  however,  yield  more  flexibility  in  the  scanaing  increments  and  by  using  doublets  and 
triplets  the  cross-  over  levels  between  beams  can  be  as  high  as  51  dEi.  Using  switches  reduces  this  level  to  the 
niininium  attainable  level  of  47. 5 dBi  as  shown  on  later  charts. 

The  needed  components  for  the  multifunction  operation  are  the  diplexer,  the  orthomode  transducer  (OMT)  and  the 
OMT/diplexer.  Examples  of  such  components  were  shown  previously.  These  components  are  well  developed  since 
the  early  50’s  for  the  C,  X and  Ku  band  unions  of  the  spectrum. 

The  monopulse  Operation  at  Cleveland  and  Lbs  Angeles  is  a simple  addition  of  a rear  TMOl  orthogonal  mode  port 
which  was  developed  on  previous  programs. 
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SINGLE  ANTENNA.  GEOMETRY 

Xte  deUaedd.n.e^.ons  cd 

wi^utslgidJlca-dbeam  squinting.  This  is  also 

receive  frequency  bands. 


SINGLE  REFLECTOR  AND  SUBREFLECTOR 


m. 


ubrefltwtor  may  be  used  te  relocate  the  feed  cluster  nearer  to  the  vertex  of  the  main  reflector.  The  preferable 

^ shorten  the  distance  between  the  main  vertex  and  the  feed,  by  approximately 

-iO  . The  hel^t  of  the  assembly  increases  by  45”,  due  to  the  need  to  increase  the  offset  of  the  main  reflector. 
Moreover  the  flat  reflector  adds  weight  and  complex!^  particularly  with  regard  to  alignment.  The  subreflector 
approach  le  not  recommei^d.  ~ 
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SINGLE  REFLECTOR  AND  SUBREFLECTOR 


GENERAL 

ELECTRIC 


STACE  SYSTBAS  OnnSKM 


• IDEAL  POWER  GAIN  OF  PBOJECTED  COVERAGE  ANGLE  "A" 

(IN  SQUARE  DEGREES) 

41.253 

A 

ASSUMES  ZERO  INTERFERENCE  BEYOND  THE  COVERAGE  AREA 

• PRACTICAL  ANTENNA  CON  FIGURATIONS  LIMIT  THE  ATTAINABLE 
GAIN  AT  THE  COVERAGE  AREA  AND  INTERFERENCE  LEVELS 
BEYOND  ITS  BOUNDAR I ES 

• THIS  WORK  HANDLES  ANTENNA  DESIGN  CONSIDERATIONS 
WHICH  DETERMINE 

- OPTIMUM  ANTENNA  SIZES 

- OPTIMUM  FEED  ARRANGEMENTS 

— OPTIMUM  FREQUENCY  BANDWIDTH  LIMITATIONS 

- FEED-ANTENNA  REQUIREMENTS  WHICH  MINIMIZE 
INTERFERENCE  AND  DEPOLARIZATION 


CROSS  OVER  AND  PEAK  GAIN 


in  a ^ size  of  1°  and 

differential  (in^s)  between  the  1°  cell  and  the  other  cell  size  A^  ^ f by  addition  of  the  ideal  gain 

multipUed  1^  1°  divided  by  the  other  cell  size  Th!%!S  T antenna  diameter  '-D"  shown  must  be 

F/D  shown  (1.32).  « other  cell  size.  Ihe  feed  diameter  *-D- is  independent  on  the  cell  size  ^f^^^ 


flS wiSi' which  is^optimally 
the  Slope  of  the  antenna  patSn  is  higher  ^igh  fr^tieTr^  A ^ opt^  cell  size  n « 50/120  = 0.42°  Since 
and  hence  a smaUer  ceU  size  of  0. 350  is  selected,  ^e  feed  diamtter'Ts^  frequencies 


GiNERAl 

ELECTRIC 


GAIN  IN  DECIBELS 


EAST-WEST  SCANNING  PERFOBMANCE 
18.  95  GHz  OFFSET  REFL3ECTOR  SINGLETS 


The  patterns  at  18. 95  GBz  are  shown  for  a 120*’  reflector  at  the  extreme  of  east-west  scanning  and  in  the 

lilane  of  syihmetry  of  the  offset  reflector,  with  F/D  * 1.32.  The  primary  feed  is  sized  for  0.35°  component  cells. 

Hoims  use  the  fundamental  TEll  mode. 

The  cross~over  levels  between  the  beams  are  higher  than  48.  7 dBi  in.  the  whole  scan  range  (and  beyond  i 3 )•  The 
triple  cross-over  point  in  the  middle  location  of  three  beams  Is  sdways  above  47. 5 dBi,  also  in  the  whole  scan 

range. 

It  can  be  recognized  that  for  this  antenna  configuration,  with  the  cluster  of  feeds  located  on  a ^herical  surface 
(including  the  focal  point  of  the  reflector),  the  west  and  east  scanned  beams  cross-over  levels  are  above  Hie  mini- 
mum gain  levels  shown,  even  though  the  pealis  of  the  west  scanned  beam  is  lower  than  the  peak  of  the  east  scanned  beam. 


lASr-WEST  SOAlJlSIING  PERFORIN 
28.  75  GHz  OFFSET  REFLECTOR  SmGLETS 

The  calculated  patterns  at  28.  75  G^z  are  shown  for  the  same  120”  reflector  at  the  extreme  locations  of  the  east-west 
scanning  in  Hie  plane  of  synometry  of  the  reflector  {F/  D - 1.  32).  The  same  horn  of  the  previous  figure  is  used,  using 
the  fundamental  TEll  mode. 

The  crcss^over  level  between  the  beams  (which  is  the  cell  edge  gain)  is  above  50  dBi,  in  the  whole  scan  range  (and 
beyond  ± 3^).  This  level  is  1.3  dB  hi^er  than  the  level  at  13. 95  GHz  because  the  high  fre<]uency  performance  is 
favored.  The  triple  cross-over  point  between  three  beams  is  alwajrs  above  47. 8 dBi,  which  is  almost  the  same  as 
for  18.95  GHz  (47.5  dBi),  also  in  the  whole  scan  range. 


These  levels  confirm  the  equality  of  the  minimum  levels  of  coverage  for  both  frequencies  using  the  same  antenna  and 
feed  configurations.  Edge  cell  gains  and  peak  levels,  however,  favor  the  hi^  frequencies. 


EAST-WEST  SCANNING  PERFOBMANCE 
OFFSET  REFLECTOR  TRIPLETS 

Use  of  one  reflector  for  both  uplink  and  downlink  results  in  different  3 dB  beam  widths.  The  configuration  of  the  ^stem, 
howfliv:er  > yields  a minimum  attainable  level  which  is  almost  equal  for  both.  The  cross-over  level  of  the  beams  is 
48.7  dBl  at  18. 85  GHz  (as  previously  shown),  which  is  2.3  dB  below*  the  51  dBi  specified  as  file  peak  gain.  Similarly 
at  28.75  GHz  the  cross-over  level  is  50  dB  which  is  1 dB  below  the  specified  51  dBi. 

Tti  order  to  further  improve  the  cross-over  levels  and  achieve  equal  beam  shapes  for  file  transmit  and  receive  links 
it  is  possible  to  use  triplet  radiators;  i.  e.  each  beam  will  be  formed!  of  thrue  adjacent  beams.  In  this  situation  (as 
shown  in  this  figure)  the  beam  shapes  are  very  similar  at  18. 95  and  28.75  GHz,  and  the  minimuia  attainable  levels 
between  farther  triplets  improved  to  48. 5 dBi.  Adjacent  triplets,  h(wever,  have  cross-over  levels:  approximately 
-.  5 dB  from  the  peak  level. 
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EAST-WEST  SCANNING  PERFORMANCE 
OFFSET  REFLECTOR  TRIPLETS 
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SCAJ«Nia3  TRIPLET  DESIGN  AT  18.  95  GHz 

TTiis  figure  shows  an  example  of  a TnaxiTnum  scanned  tr^let  pattern  at  18. 95  GHz.  The  fundamental  mode  of  the  feed 
horns  yields  cross-polarization  levels  of  —34  dB  maximum. 

This  level  is  lower  than  the  level  of  a single  horn  using  the  fundamental  mode  by  approximately  4 dB.  The  triplet  has 
the  advantage  of  lower  and  faster  decaying  sidelobes . 
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SCANNED  TREPLET  PATTERN  AT  28. 75  GHz 


This  figure  shows  an  example  of  a maximum  scanned  triplet  pattern  lat  28. 75  (Mz.  The  fundamental  mode  of  the  feed 
horns  yields  cross-polarization  Iwrels  of  -30  dB  maximum.  This  is  also  4 dB  tetter  than  the  levels  of  a single  horn 
the  fundainental  mode. 
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TEll  . 

F.P.  OfPSET 

D.  in 

120 

VP 

1.32 

0,  in 

25.5 

d,  in 

1.05 
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.35 
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SCANNED  3"  E 
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HORIZONTAL 

de«. 

100  W 

EW 

.55  E 

NS 

5.92  N 

EW  Biss 
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GHz 

28.75 

db 

52.3 

CALCUIATED  GAIN  GONTOUBS 
(CLEVELAND  BEAM) 

The  pattern  at  18.95  GHz  is  verticaHy  polarized. 


This  beam  achieves  isolation  better  than  -30  dB  at  New  York,  Boston  and  Washineton 
mode  is  used  with  D * l.  05*’.  * 


D.C. 


Eundamental  TEH  feed 
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CALCULATED  GAIN  CONTOURS 
(CLEVELAND  BEAM) 


STAGE  SYSTEMS  DIVISION 


xcii 

FP-  OFFSET 

120 

T/D 

1-32 

Qi 

25.5 

d,  In 

1.05 

a,  des 

.35 

n 

1 

BesM  ^ J 

CLEVEIANl),  01 

Bol&rlzacion 

VERTICAL 

Lonicltud*.  dc^* 

100  W 

L'nT^rma.  Axf K £W 

•55  E 

Bfi4nrinC.  HS 

5-92  W 

DfiC*  BIes 

0.0 

Breanencr,  GHx 

18-95 

Max-  C»in,  ^ 

53-00 

CAIjCUIATED  aAlN  CONTOURS 
(CIiEVELAlID  BEAM) 


The  pattern  at  28. 75  GHz  is  horizontally  polarized. 

Note  the  peak  gain  of  57  dBl,  naing  a 1. 05"  feed  with  the  tnndamentnl  TEU  mode. 
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CALCULATED  GAIN  CONTOURS 
(CLEVELAND  BEAM) 
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used  toren'^rfteVaw'e^^^^  Pitch  trom  a Ix>s  Angeles.  The  combined  patterns  are 
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CALCULATED  GAIN  CONTOURS 
(DIFFERENCE  MODE  PAnERNS  AT  Cl£VEtAND,  28.3  GHz) 
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CALCULATED  GAJN  CONTOURS 
(WASHINGT02T,  D.  C.) 

Tie  patter.,  at  18.95  GHa  u a horttoabUy  p„Urlzed  triplet. 

isolation  at  Cleveland  is  better 
-90.  « better  tha.  90  dB. 


iiianSOdB.  Also  me 

The  location  of  Washington.  D C f 

Tie  downlink  level  at  iJc.  ufil^  ^ 


oonaeatently,  a triplet  was  neoeesaiy  for  this 


spot  beam. 


CAIiCUIATED  GAEtJ  CONTOURS 
(WASHINGTON,  D.C.) 

Tliis  pattern,  is  horizontally  polarized  at  28.47  GHz. 

Note  that  the  i^link  level  at  D.  C . is  51. 4 dBi.  This  pattern  is  istmilar  to  the  downlink:  jattem,  mth  cross^larization 
levels  peaking  at  -30  dB  from  the  peak,  using  the  fundamental  TEll  mode  in  circular  1. 05”  horns. 
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CALCUIATED  GAIN  CONTOURS 
(NEW  YORK,  N.Y.) 

This  pattern  is  horizontally  polarized  at  18.95  GHz. 

Pe^  ^in  is  51.7  dBi. 

The  beam,  is  formed  hy  a doublet}  which  locates  the  composite  bearn.  at  New  York  using  a component  size  of  .35  . 

The  doublet  pattern  results  in  higher  side-lobe  levels  than  for  a triplet.  The  isolation  to  Cleveland,  however,  is 
still  of  the  order  of  30  dB. 
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CALCUIATH)  GAIN  CONTOURS 
(LOS  ANGELES) 

This  pattern  is  vertically  polarized  at  18. 95  GHz. 

This  beam  is  the  westera  most  scanned  trunking  beam.  Peak  gain  of  the  beam,  using  a 1.  05”  feed  horn  is  51.5  dBi. 
This  gain,  however,  can  be  increased  to  53.1  dBi  tty  iising  a larger  horn  of  1.45".  A large  horn  reduces  the  spill- 
over radiation.  D:  cannot  be  used  in  a hilly  implemented  system  because  of  its  large  size. 


VKRTICAt 

100  y 


fills  pattern  is  vertically  polarized  at  28.  75  GHz. 


(lOS  ANGELES) 


(1. 05»  and  1.45-0,  due  to  the  already  low 

wMch  «oes?ot  fltft ^ curvature  of  the  TEll  mod 

1 or  TMOl  modes  (dqmudeut  on  the  polarization)  can  ^duce'throross-p“teLiaon™^^t?' 


FOCUSED  TRIPLET  BEAM 


This  focused  triplet  beam  at  the  hi^  frequency  represents  the  worst  case  deformed  beam  in  the  astern.  The  scanned 
triplet  beam  has  slightly  hi^er  gain  with  a less  deformed  pattern. 

Note  that  the  central  portion  of  this  beam  has  good  coverage  for  a 0 . 4°  cell  size  even  with  triplet  deformation,  and 
extends  the  coverage  beyond  the  cell  size  in  three  symmetric  directions. 

Also  note  that  when  combined  triplet  and  singlet  beams  are  scanned  a well  overlapped  pattern  arises  near  the  focused 
beam  area. 
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FOCUSED  TRIPLET  BEAM 


SPACE  SYSTEMS  DIVISION 


Confieuration 

Till 

F.P.  OFFSET 

Geoaetiy ' 

D,  In 

102.6 

’ ■ F/D 

1.32 

Q,  in  _ 

22.0 

d.  In 

1.05 

a , de}^ 

0.4-.^  1 

n 

3 

Beaa 

FOCUSED 

Polarization 

HORIZONTAL 

Loneltude. 

de«. 

100  W 

Antenna  Axis 

EW 

.55  E 

Pointing  r 

KS 

5 . 92  N 

Des.  • 

EW  Bias 

0.0 

Freouencv, 

GHs 

28.95 

Max.  Gain, 

db 

51.3 

NORTH 
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SPACECRAFT  CONFIGURATION 
AND 


SPACECRAR  BUS  COMPONENTS 


CONFIGURATION  CHARACTERBTICS 


•I 

m ' 

ri 


The  spacecraft  is  designed  for  launch  by  the  STS/SSUS-D  (PAM-O),  which  stews  the  spacecraft  ia  a vertical  positloa  I 

in  the  STS  cargo  bay.  SSIS-D  definition  and  performance  with  the  STS  has  been  taken  from  McDoonell-Doagl^  docu* 

ment  G6626C,  ”PAM-D  User's  Requirements  Document,"  dated  28  January  1961.  ^ 

.J 

A specific  rsquirement  for  Shuttle  safety’  necessitates  ejecting  the  spaoecraftySSUS-D  from  the  cargo  bay  and  delaying 
S3U8-D  rocket  motor  firing  until  sufficient  distance  from  the  STS  is  achieved.  This  "loiter"  req'iiremeat  Is  about  ** 

one-half  an  orbit  or  4b  minutes  to  one  hour.  < 

Spacecraft  characteristics  are  for  a three-axis  stabiliaed  satellite  with  active  nutation  control  (ANC)  provided  during  ** 

the  spin  phases  (loiter,  SSUS/D/spacecraft  firing,  and  AKM  firing  modes).  The  spacecraft  has  a two-wing  symmetrical 
solar  array  to  reduce  on-orbit  torque  for  the  geosy’nchronous  operating  orbit.  Large  North  and  South  oriented  panels 
mount  all  payload  and  subsystem  heat  dissipating  components  for  optimum  heat  radiation  to  space.  The  Apogee  Kick 
Motor  (AKM)  which  places  the  satellite  in  its  final  oroit  is  housed  in  a central  cylinder  and  is  attached  to  a ring  sup- 
ported by  the  37  1/2  inch  diameter  satellite  thrust  cone.  Hydrazine  fuel  for  the  4 year  mission  is  contained  in  two 
bladder  tanks  having  a total  capacity  sufficient  for  eight  years  life.  The  spacecraft  is  balanced  for  launch  with  the 
lateral  centers  of  gravity  on  the  SSLTS-D  and  AKM  thrust  axis,  and  the  inertia  ratios  are  limited  as  shown  to  insure 
stability  in  the  spin  phases. 

A modular  design,  as  used  on  the  BSE  and  USCS-in  satellites,  has  been  adapted  to  perm.i  parallel  fabrication,  assembly 
and  testing  of  subsystems  and  assemblies. 

Spacecraft  subsjrstem  components  used  on  previous  programs  are  utilized  in  all  possible  cases,  and  new  designs  wiU 
use  fully  developed  mat'  ials  and  constructioo. 
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CONFIGURATION  CHARACTERISTICS 


LAUNCH  BY  STSISSUS-D 


• VERTICAL  IHSTALUTION  IN  STS 


SSD 

STAGE  SYSTEIMS  DIVISION 


• INTERFACES  LOADS  CRITERIA  AND  ENVlRONNeiTS  FROM  MDAC  DOCUMENT  MDC 
G6626C,  28  JANUARY  1981,  “PAM-D  USER'S  REQUIREMENTS  DOCUMENT" 

• UP  TO  ONE  HOUR  LOITER  TIME  AFTER  EJECTION  FROM  STS 


SPACECRAFT  CHARACTERISTICS 

• 3 AX  IS  STAB  ILIZATION  ON  ORB  IT  (ACTIVE  NOTATION  CONTROL  DUR ING  SP  IN 
PHASE) 

• 2 W ING  SYMMETR I CAL  SOLAR  ARRAY 

• NORTH  AN  D SOUTH  OR  lENTED  EQU IPMENT  PANaS 

• CENTRAL  SOL  I D ROCKET  AKM 

• HYDRAZINE  FUa  FOR  4 YEAR  MISSION  Lia 

• SPACECRAFT  C.  G.  COINCIDENTWITH  AKM  AND  SSUS-D  THRUST  AXES  DURING 


SPIN  PHASE  I 

* C D I M 

• SPIN  PHASE  INERTIA  RATIOS  (a 90>i > 1.10) 

‘lateral 


• MODULAR  DES IGN  FOR  PARALLEL  ASSEMBLY 

• MIN IMUM  DEPLOYMENTS  '{F IXED  FEED) 

• MAXIMUM  USE  OF  EXISTING  COMPONENTS  AND  DESIGNS 


•>a«Tirin!ise»at»B.! 
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STS/SSUS-D  (PAM-D)  LAiaffCH  VEHICLE 


attach  fitting  (3712  attach  fitting).  A vee-ba^Z?!  “ T '““S-  tach  diameter  SS'crS 

spaoecratt  attachment  and  releSe.  The  L M-D  can  be  LZt°m  ^laniard  Delta  launch  vehicles  Is  i^d  fof 
fmed  ASE  cradle  containing  supports  for  the  MM™cSt"an?:.^t?  ‘"f  <®CS-D).  A 

s:irSiS^s“-~ 

represents  optimized  performance  for  the  particular  AKM  ™‘Sl“  ^I-o™ 


Delta  Launch  Vehicle  PeH-formance 
to  Geosynchronous  Orbit 


Year 

1973 


Delta  L/V 


AKM 


S/C  Launch 
Weight  (IJjs. ) 


1977 

1980 

1981 


2914 

3914 

3910/PAM-D 

3920/PAM-D 

STS/SSUS-D 


S/C  Orbital 
Wei^t  (Lbs,) 


Star  27 
Star  30 
Star  SOB 
Mbd,  Star  30B 
Mod.  Star  SOB 


1490 

2100 

2300 

2787 

2750 


7S0 

1100 

1220 

1490 

1473 


"I  "BP,"'  ^ J 1.  . «k#  lipi  I,  III  lull 


STS/SSUS-D  INSTALLATION  ENVELOPE 

The  STS/SSUS-D  envelope  shown  is  defined  in  the  MDAG  PAM-D  User’s  Guide.  The  stowed  spacecraft  is  oriented 
vertically  in  the  STS  cargo  bay,  with  an  allowable  spacecraft  height  of  101  inches  above  the  vee-band  attach  interface. 
The  lower  sjaeecraft  diameter  is  limited  to  108  inches  by  the  cradle  geometry,  with  larger  dimensions  permissible 
in  the  Upper  envelope  area.  The  nominal  length  of  the  installation  is  approximately  9 feet;  however,  since  the  space- 
craft/SSUS-D  is  spun-up  to  60  BPM  prior  to  ejection  from  STS,  the  total  swept  radius  of  the  spacecraft  must  clear 
any  other  STS  cargo. 


I 

I 

l| 
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STS/SSUS-D  LAUNCH  WEIGHT 

«r  • V*  Ao  n 5,«!<?eTnblies  shown  are  from  the  PAM-D  User's  Guide  using  the  maximum  capabUity  Star  48 
SoSigency  lias  also  been  lnoloded.  Total  STS  cargo  weight  is  10, 829  pomds  corresponding  to  a paid  cargo  y 

length  of  ten  feet,  calculated  as  follows: 


SSUS-D  Launch  Weight  „ 
Paid  Lengfli  - 5.^3  cargo  Weight 


60  _ 10,829_ 

- 65, 000 


X 60  - 10  rt 


On  this  basis  the  SSUS-D  launch  cost  is  based  on  total  cargo  cost  X ||  X | where  the  4/3  factor  fa  ^ 

msTto  s^  payloads.  For  longer  instaUed  lengths  than  10  feet.®8ie  launch  cost  fa  proportional  to  les^  X 4/3. 


STS/SSUS-D  LAUNCH  WEIGHT 


GENERAL 

ELECTRIC 


ssm 

STAGE  SYSTEMS  IHVISION 


ITEM 

WEIGHT  (POUNDS) 

SPACECRAFT 

2,750 

SSUS-D  (PANl-D)  @ BURN-OUT 

416 

TOTAL  BURN-OUT  WE  1 GHT 

3,166 

SSUS-D  EXPENDABLES 

4,397 

TOTAL  IGNITION  WEIGHT 

7,563 

SSUS-0  CRADLE 

2,505 

STS  FITTINGS 

245 

NOMINAL  STS  PAYLOAD 

10,313 

5%  LAUNCH  CONTINGENCY 

516 

TOTAL  STS  PAYLOAD 

10,829  POUNDS 

STS/SSUS-D  OPTIMIZATION  WITH  MODIFIED  STAR  30B  AKM 

the  Thiokol  Star  SOB  solid  rocket  Apogee  Kick  Motor  (AKM)  has  been  developed  and  flown  on  the  Delta/PAM-D  laughed 
SBS  satellite.  This  motor  can  be  modified  to  provide  optimized  STiS/SSUS-D  performance,  by  lengthe^  ^ , 

lant  case  four  inches  to  accommodate  added  propellant.  This  type  modification  has  been  used  successfully  by  Thiokol 
on  the  Star  37  series  motors  (Delta  3rd  stage),  and  represents  a proven  low-risk  technique  to  increase  rocket  motor 

total  impulse. 

A preliminary  orbit  optimization  analysis  results  in  an  AKM  propellant  load  of  1277. 2 pounds,  giving  a spacecraft 

on-orbit  weight  (including  precession  fuel)  of  1472,  8 pounds. 


STS/SSUS-D  OPTIMIZATION  WITH  MODIFIED  STAR-30B  AKM 


GENERAL. 

ELECTRIC 


SPACE  SYSTEMS  DIVISION 


SPACECRAFT  LAUNCH  WEIGHT 
TRANSFER  ORBIT  INCLINATION 
REQUIRED  AKM  DaTA  V 
AKM  EFFECTIVE  ISP 
AKM  EXPENDABLES 


2750  POUNDS 

270  (1. 70  REMOVED  BY  SSUS-D) 
5896.47FPS 
293.5  SECONDS 
1277.2  POUNDS 


SPACECRAR  INJECTED  WEIGHT 
INCLUDING  PRECESSION  FUEL 


1472.8  POUNDS 


SINGIiE  ANTENNA  lAXJNCH  CONFIGUIIATIO 


. ijE!n_,  lessor  0.9  for  fl«  spacecraft  to  the 

The  laanch  eonfipiratlon  sto™^  “ “~M^S'JloS^fe"8  *e  Inertia  requirements  for  ail  spin  phases  o 
SSUS-D,  and  greater  than  1. 10  for  the  spacecraw 

operation. 


..e  ante™.  o*tna  o„n£.^-^is  ,o 


orbital  ^ mssive  reueccoi:.  ^ South  for  optimum 

^of  ttaueters  >«  and  for  E-W  and  N-S  atatton  keepmg. 

rs-u»— 


Note  that  wo  TT&C  antennas  are  provide  . 

for  cn-oAit  operations.  _ ™ eolation  per  day  P4  hoar  orbit),  to  maintain  am  array 


fo^  en-orbit  operations.  orray  one  revolntton  per  day  (^  hoar  orbit,,  to  maintain  0«  array 

A sinBle  axis  sotor  array  drive  rotates  the  solar  ar 

^psrpendlcalartothesan.  SPS  bydrarine  tanhs  are  loaded  diB^n- 

, a^  ««tonna  deoloynient,  the  > ,a..._  «c*>d  to  balance  the 


A aineie  axis  suxsia- - 

(?a  affect  due  to  reflector  defloyment. 


mm 
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S INGLE  ANTENNA  ORB  ITAL  CONFIGURATION 


HORTH 


WACE  SYSTEMS  OWWOM 


TO  FT.  APERTURE, 

ANTENNA 

(F  = T56  IN.) 


ORBIT 


138 

SOLAR  iaiRAY 
1.1  KH  EOL  PCWER 


^ EARTH 
//  SENSOR 


mMi 


‘FEEDS 


TT&C  ANTENNA 


EARTH 


4 YEAR  SATELLITE  LIFE 
SSUS-D/STS 

PAYLOAD  <400  LB  ^ . 

SIMGLE  HIMGED  ANTBiNA  DEPLOYMENT 
10*  OFFSET  FED,  RIGID  FEED  STRUCTURE 


JIYDRAZINE 
TANKS  (2) 


3 AXIS,  (SPINNING  ASCENT) 
SUN  TRACKING  SOLAR  ARRAY 
STAR  30B  AKM  (14B  LB  BOD 
TWO  TT^  ANTBINAS 
TWO  CONFIGURATKX^  BAUNCE 


TWO  ANTENNA  MNNCH  CONFIGURATJON 


The  launch  configuration  for  |hc  configuration  is  siinflar  to  the  sin^e  antenna  desifipi,  with  the  sinaller 

receive  antenna  reflector  positioned  below  the  transmit  reflecton.  Two  fixed  feeds  are  located  opposite  the  reflector 
pivots. 

The  two  antenna  design  is  heavier  and  more  complex  than  the  single  antenna  configuration  since  two  rotating  joints 
are  required  to  deploy  each  reflector.  BotaUon  about  two  axes  are  required  in  order  to  rotate  the  reflectors  up  and 
to  a side  by  side  position.  Overall  stowed  length  is  15  feet,  identical  to  the  single  anfAnwa  configuration. 
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JL 

■ -gn.  Tie  two  antenna  configuration  is  not 


The  double  rotation  deployment  is  more  cmiplex 


• The  arrangement  is  heavier 


• Complexity  is  added  in  order  to  nninf  k^h. 

differential  thermal  expansitm.  apertures  to  the  same  boresight  despite 
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(F  = 151 
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STS/SSUS-D  luAUNCH  TO  OBBIT  SEQUENCE 


" ~ approxtaately  o^-Wf  orbit  ,46  mipuies,  prtor  to 
Mcinity  of  the  spacecraft  p!rior  to  SSUS-D  ignition.  ^ ® ^ sufficient  tune  for  the  STS  to  move  from  the 


re.eaa?aarrLrbrJrtn":,r^^^^^ 

oraftwttb  tbe  bydraaine  thruaterSrTcu;?^^.::^^^^  “>«  =P— 


On  orbit,  Jie  sfiacecraft  is  de-spun,  the  antennas  and  solar  array  detiloved  and  tlv^  Qmi^r^-nofi-  ^ -a 

poaitionea  (or  norroal  three-axia  operation  in  Its  asaigned  orbS^slof  spacecraft  oriented  and 
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STS/SSUS-D  LAUNCH  TO  ORB  IT  SEQUENCE 


m 

SPACE  SYSTEMS  DIViaOM 


GENERAL 

' L ""  THE  SATELLITE  AHACHEDTO  THE  SSUS-D.  IS  CARRIED  INTO  LOW  EARTH  ORBIT  BY  THE 
STS. 


2. 


3. 


4. 


5. 


6. 


7. 


THE  SSUS-D  AND  SPACECRAFT,  AFTER  CHECKOUT.  IS  SPUN-UP  AND  SPRING  EJECTED 
VERTICALLY  FROM  THE  STS  NEAR  THE  EQUATORIAL  CROSSING. 


TRANSFER  ORBIT. 


sf SSS1?*  w SToS 

ORIENTED  FOR  SYNCHRONOUS  ORBIT  INJECTION 


AT  A PRESELECTED  FUTURE  APOGEE,  THE  APOGEE  MOTOR  IS  IGNITED  PLACING  THE 
SPACECRAFT  IN  THE  GEOSYNCHRONOUS  OPERATING  ORBIT 


THE  SATELLITE  IS  DESPUN  AFTER  INJECTION,  THE  SOLAR  ARRAYS  ARE  DEPLOYED.  AND 
THE  NORMAL  THREE-AXIS  ORIENTATION  IS  ACQUIRED 


BSE  SPACECBAFT 

■ is  a aeosynchronous  oomsat  designed  and  budt  by  General  aectrle  tor 

The  BSE  (Broadcast  SateUite  Experimental)  g 

Japan.  BSE  was  launched  by  a 2914  Delta  m • he  overall 

T wel^t  Of  BSE  was  1490  pounds  and  antei^^ 

^C-nTls  siniUar  to  SSUS-B  "bidd  Utb.  and  and-o£-Ufe  power  is  800  watts. 

orbital  attitude  requirements.  BSE  is  aesign  , 

Heneral  Electric. 


A cAnond  eeneration  Japanese  comsat,  BS-2, 


A-t  1 v»  1*011 V 


DSCS  ni  MILITARY  COMSAT 


DSCS  in  is  a large  geosyndhronous  coiamunications  sateUite  desiigned  and  developed  by  General  Electric  for  the  Air 
Force.  DSCS  in  is  designed  for  d*.jal  launch  with  a DSCS-H  on  Tiltan-HIC,  or  dual  DSCS-m  launch  by  STS/IOS.  The 
sateUite  is  designed  for  a 10  year  mission  life  and  total  weight  is  2200  pounds  including  600  pounds  of  on-orbit 
hyi^razine  fuel.  The  solar  array  produces  1100  watts  BOL  and  837  watts  EOL  (10  years)  power. 

BSE  and  DSCS-ni  components  and  designs  have  been  selected  for  the  STS/SSUS-D  spacecraft  for  all  possible  applica- 
tions. 


I^NDSAT-D  FLIGHT  SEGMENT 


La^sat-D  is  a new  generation  earth  observation  sateUite  currenav  being  qualified  bv  Geneml  Elerfrfo  >jaqa 
Q^^ra.  I^sat-D  u scheduled  for  launch  in  1982  by  a twc-eiage  Deli 

tal  spacecraft  wei^t  including  the  Multi-Siission  Sjjacecraft  bus  is  4700  nounds  The  fmiT*  cs-  i 
« 150  square  feet  in  area  and  provides  an  end-ot-life^wer  of  mo  ^^af^ars  ^ 

f”  '^oWeval  by  STS  and  the  deployable  TDESS  antenna  and  solar  array  use  redundant  drive 

te  need  0“d  retraction.  These  powered  hinges  and  retenUon  mechanisms  from  landsat-O  will 

be  used  for  antenna  deployment  and  retention  on  the  STS/SSUS-D  spacecraft. 


SPACECRAFT  MAJOR  ASSEMBLIES 


^ aatenna/sensor  module  to  the  coufiguration  by  first  attaching  ibe 

■Wrt  Vto  r“““*  »l»els,  internal  , >“'®«<>”“«ing  electrical  hamSI  «g- 

ments  panels  are  UKe  install  array  letention  fittings  are  installed 

nhrpped  separately  am  is  instaUed  in  the  central  naU  at  tte\“  to  smSira^fJZbly  ™ ** 

The  coniiiletelv  flficATri>k7i=h^  « y- 


rph  , ^ spa«^ci:att  assembly. 

W separation  clamp  to  the  SSDS-D  and 
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NQETH  TRANSPONDER  PANEL 


The  entire  North  equipment  panel  is  devoted  to  mounting  the  Ka  band  transmitter  ^sembly  consisting  <rf  four  40 
■watt  TWT's  with  power  supplies,  two  Impatt  ampliBers  and  associated  drivers  and  switching  components.  The 
Vttiable  power  dividers  will  te  mounted  to  two  inboaird  shelves  over  the  TWTA  and  Impatt  areas.  Overall  poM 
size  is  66. 5 inches  wide  and  50. 6 inches  long  giving  an  effective  mdiator  area  of  23  square  feet  and  compc»ent 
mounting  area  of  17  square  feet. 


The  panel  utilizes  a high  thermal  conductivity  magnesium-flioriMm  jJate  and  heat  pipes  for  thermal  c^ol^^has  a 
total  heat  radiation  capacity  of  over  600  watts  not  mcluding  heat  dissipated  direcay  hy  the  external  TWT^xadmUon 
coolers.  Optical  Solar  Reflectors  (OSR)  are  bonded  to  the  panel!  radiating  surfaces  to  provide  a stable  thermal 
ladiator  wifli  minimum  end-of-life  degradation. 


DSCS  nr  AND  BSE  TBANSPONDER  PANEIB 


^4fi  transponder  panel  uses  designs  and  hardware  de^reloped  on  the  DSGS-ni  and  BSE  panels.  DSGS^hac  a 

1 J ^ f ^ ^ ^ panex^  area  mountiDg  fo^  forty  watt  and  six  ten.  watt  conductively  cooled  TWTA^S  h • 

Bot  use  heat  pipes  and  Is  designed  to  meet  survi^bmty  requirements  a ten  ye^Ltn  We  ■*" 

tfPpFl^^  ^ssipation  is  approximately  500  watts.  ‘ ^ mission  life.  Total  maximum 
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SOUTH  EQUIPMENT  PANEIE 


The  south  equipment  x>unels  consist  of  an  upper  "T"  shaped  panel  for  the  x>ayload  receivers  and  processor  and  two 
side  panels  supporting  attitude  control  (AGS),  power  (EPS)  andTT&C  subsystems  components.  The  nickle“cadmium 
battery  assemblies  are  supported  in  a lower  well  between  the  housekeeping  panels,  and  are  thermally  isolated  from 
the  panel  and  spacecraft. 

The  South  panels , having  significantly  lower  total  heat  dissipation  components  than  the  North  sanel  will  most  likely 
not  require  heat  pipes.  Required  radiator  areas  will  be  covered  with  OSR,  and  all  non-radiating  areas  will  be  insulated 


BSE  AND  SSUS-D  STRUCTURES 

Key  drivers  for  the  structure  are  a li^twe^ht  producible  design  using  state-of-the-art  materials  and  ccaistruction, 
accomodating  mounting  requirements  for  all  spacecraft  payload  and  subsystem  equipment.  The  structure  has  been 
designed  to  meet  the  launch  loads  and  environments  imposed  by  the  STS/ SSUS-D  launch  vehicle. 

The  STS/ SSUS-D  structure  is  a derivative  of  the  smaller  BSE  communication  satellite  structure  previously  designed 
and  flown  by  General  Electric  on  the  Delta  2914  launch  vehicle.  BSE  and  STS/ SSUS-D  structures  illustrated  to  flie 
same  Scale,  have  identical  load  paths  and  structural  arrangements. 

BSE  used  minimum  gauge  stiffened  magnesium  construction  and  was  designed  to  siq)port  a spacecraft  Daunch  Gross 
Weight  (LGW)  of  1490  pounds.  The  larger  SSUS-D  spacecraft  structure  designed  for  an  LGW  of  2750  poimds,  will  use 
stiffened  magnesium  internal  structure  and  ahtminum  honeycomb  sandwich  side  panels  and  bulkheads  based  on  the 
DSCS-m  panel  designs.  Both  structures  use  machined  magnesium-thorium  north  and  south  equipment  mounting/ 
radiator  panels.  The  SSUS-D  structure  will  utilize  high  stiffness  to  wei^t  graphite-epojgr  composite  construction 
for  the  primary  thrust  cone  and  internal  struts. 


DSGS  ffl  Al®  BSE  PRIMABY  STRUCTURES 

Materials  aid  construction  tor  the  SSUS-D  spacecraft  the  Tilan  HI 

m and  BSE  structures  illustrated.  BSCS-IH  is  a toise  ^ ioneycomb  sandwich  construcUonhavrag 

CorSTS^IDS.  Body  panels  are  othi^y  effioirat  non  ^s-m  uses  GE  developed  granhite-epoiQr  struts  m 

“llinuin  X— “ 

both  primary  ar. . secondary  structura.i. 

the  spacecraft  on-orbit  wei^t  of  2200  pounds. 

' T^qFstructurehasa  totalweightof  105  pounds.  13.4%  of  the  on 

The  smaller  semi-monocoque  stiffened  magnesium  BSE  struc^^  ^ 

orbit  weight  of  783  pounds. 
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CONSTRUCTION 


SSUS-D  SPACECRAFT  PRIMARY  STRUCTURE 


The  prunaxy  structure  consists  of  a thrust  cone  attached  to  la  central  stiffened  cylinder  with  rectangular  upper  and 
lower  bulkheads . Removable  North  and  South  oriented  commtmications  and  housekeeping  panels  support  virtually  all 
internally  mounted  components,  and  the  separable  ipper  bulkhead  mounts  the  external  antennas,  sensors  and  the 
solar  array  drive.  SPS  tanks  and  thrusters  are  supported  biy  the  East  and  West  panels  and  internal  ‘Vee  truss^’  strut 
assemblies,  and  the  four  momentum  wheels  are  mounted  below  the  lower  bulkhead.  The  biilkheads.  North  and  South 
panels  and  keels , and  East  and  West  panels  and  trusses  distribute  all  equipment  loads  to  the  central  cylinder  and 
thrust  cone  while  the  AKM j representing  50%  of  the  spacecraft  launch  wei^t,  is  supported  ly  an  aluminum  ring  at 
the  thrust  cone/  lower  bulkhead  juncture.  This  structural  airrangement  efficiently  redistributes  the  spacecraft  loads 
to  the  laxmch  vehicle  interface  with  the  central  cylinder  and  thrust  cone  forming  the  backbone  of  the  structure. 

The  thrust  cone  is  the  most  hi^y  loaded  strucbire  transferring  all  spacecraft  shear,  axial  and  bending  loads  to  the 
launch  vehicle  interface.  The  thrust  cone  is  a monocoque  graphite-exK>^  shell  with  a lower  machined  alinninum  ring 
provided  for  mating  to  the  SSUS-D  3712  attach  fitting  via  the  separation  vee-band.  The  central  cylinder  is  an  altuninum 
stiffened  magnesitnn  shell  similar  in  construction  to  the  BSE  design.  The  cylinder  and  thrust  cone  are  joined  at  the 
lower  bulkhead  by  an  aluminum  splice/ AKM  adapter  ring.  This  fixed  c<me-cylinder-bulkhead  joint  resi^  in  an 
efficient  structural  load  path  to  the  IL/  Y sepai'ation  interface  with  TniniTnum  discontinuities. 

Conventional  aluminum  honeycomb  sandwich  is  used  for  the  East  and  West  panels  and  bulkheads  providing  lightwei^tj 
non-buckling  panels  with  simple  mating  and  attachment  intei'i^ces.  The  Nortii-South  keels  are  int^rally  manliinftd 
magnesiiim  plates,  similar  to  the  BSE  keel  designs.  Separation  and  AKM/Splice  rings  are  machined  aluminum 
forgings. 


lower 
B'JUKEAO 


DSCS  nr  COMPOSITE  STRUCTUHES 


^ lower  we^gta  w.a  inoreaeea  e«m.ess  ever  oc^^eS^^SST^ 


«.  the  BSE  Keelar-qa^jr  Bi  Band  antenna 

weight  saving  of  25  pounds.  Stmts  used  yaiy  in  dimete?^  ^ DSCS  BI  resuJting  in  a total 

primal^  and  secondary  Structural  applications.  ^ ^ ^ and  are  used  in  bolii 
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GIMBAL  OISH  ANTENNA 

• 33“  OIA  BUILT-UP 
KEVLAR  REFLECTOR 

• GRAPHITE  EPOXY 
SUPPORT  STRUTS 

• LOW  THERMAL 
DISTORTION 


DSCS  III  COMPOSITE  STRUCTURES 


SPACECRAFT  ADAPTER  TRUSS 

• • ORAPHITE-EPOXY  STRUTS 

• 8 POUND  WEIGHT  SAVING 
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TANK.  PANEL  AND  ANTENNA 
SUPPORT  STRUCTURE 

• 62  GRAPHITE-EPOXY  STRUTS 

• 17  POUND  WEIGHT  SAVING 
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ANTENNA.  AND  SENSOR  SUPPORT  STRUCTURES 
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selected  for  the  SSUS-D  application  meets  the  launch  envelope  and  deployed  antenna  aner 
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ANTENNA  AND  SENSOR  SUPPORT  STRUCTURES 


SPACE  SYSTEMS  DIVISION 


GRAPHITE-EPOXY  FACED 
ALUMINUM  HONEYCOMB  ^ 
ANTENNA  REFLECTOR 


POWER-HINGE  FOR 
ANTENNA  DEPLOYMENT' 


GRAPHITE-EPOXY  FACED 
ALUMINUM  HONEYCOMB 
SENSOR  & FEED  PLATFORM 


BUILT-UP  GRAPHITE-EPOXY  AtfTENNA 
BOOM  AND  BOX-RIB  STRUCTURES 


ANTENNA  LAUNCH  RETENTION 
•STPvUTS  (SEPARATION  NUTS 
FOR  RELEASE) 


EARTH  SENSOR 


FEEDS 


TT&C 

ANTENNA 


BUILT-UP  GRAPHITE-EPOXY 
FEED  SUPPORT  MAST 


lANDSAT-D  POWER  HINGE 


Power  hinges  have  been  developed  and  qualified  on  the  Landsat-D  program  for  dq>loyment  of  the  solar  array  and 
TDRSS  antenna  boom.  The  hinge  shown  is  at  the  Landsat-D  solar  array  yoke  pivot  and  serves  to  extend  the  array 
panels  throu^  a closed  loop  cable/ pulley  system.  The  drive  consists  of  two  separate  st^per  motor  drive  systems 
with  redundant  bearings  such  that  either  a motor  drive  or  bearing  failure  does  not  prevent  hinge  operation.  This 
mechanism  will  be  used  for  antenna  reflector  deployment  on  the  SSDS-D  spacecraft,  to  drive  the  reflector  open 
against  precision  stops  or  latches. 
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mSA.  lAMMR  DESIGN  STUDY 

The  conc^tual  design  of  the  20/30  GHz  antenna  has  been  based  on  the  LAMMR  antenna  preliminary  design  developed 
by  General  Electric  for  NASA,  GSFC. 

LAMMR  is  a large  aperture  (4  meters)  rotating  offset  feed  radiometer  precision  antenna  designed  for  the  NOSS 
^acecraft.  LAMMR  antenna  pointing  requirements  were  0. 02  degrees  versus  0. 05  d^ees  for  the  20/30  GHz 
antenna. 


lAMMR  ORBITAL  CONFIGURATION 


The  lAMMR  antenna  orbital  configuration  consists  of  the  4 meter  aperture  reflector,  deployed  feed  and  conteo 
rotatine  mechanism.  The  system  was  balanced  and  rotated  about  the  vertical  axis  at  60  RPM  to  scan  along  the 
ground  path  of  the  sateUite.  lAlVIMR  operating  attitude  was  700  km  080  nm).  Low  distortion  graphite-e^^ con- 
etrudtioh  was  selected,  as  shown,  for  all  alignment  critical  antenna  elements.  In  a^iUon  to  low  thermal  distortion, 

the  high  modulus  to  weight  of  these  composites  permitted  meetmg  the  hi^  15  Hz  orfaitol  stifeess  requ™ 

lowest  weight.  This  stiffness  requirement  was  required  to  limit  any  orbital  jitter  problem  and  also  to  limit  Ig 
ground  testing  where  small  deflections  would  create  large  boresi^t  0ence  pointing)  errors. 
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LAMAAR  ORBITAL  CONFIGURATION 
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• MINIMUM  OFFSET  FOCAL  POINT  FEED 

• SINGLE  BEFLECTOR 

• f/d  .66 


14  LBS 
'BALLAST 


BUILTUP 

GRAPHITE 


HUB 


16  INCH  SQUARE 
GRAPHITE 
UPPER  SUPPORT  STRUCTURE 


TAPERED  GRAPHITE 

HONEYCOMB 

REFLECTOR 


TAPERED  CIRCULAR 
GRAPHITE 
FEED  SUPPORT  STRUCTURE 





LAMMR  AOTENNA.  DIMENSIONS 


Dimensions  and  geometry  are  stown  for  the  4 meter  (157.5  inch)  aperture,  F/D  Th^frall 

antenna  The  20/30  GHz  antenna  has  a 10  foot  (120  inch)  aperture  and  F/ D of  1.32  (F-158.4  inches).  The  o^eraU 
dteC^ns  Of  thLe  t^vo  offset  feed  designs  are  compaxable  permitting  generalized  comparison  of  oyeraU  pomtmg 

performance. 


lAMMR  BEFLECTOR  ALTERNATES 

The  rarious  materials  and  eonfiguraUons  fahulated  were  analvzed  for  the  iammb 
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MODELING 
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LAIUMR  POINTING  ERROR  ANALYSIS 

The  pointing  error  analysis  for  the  selected  composite  LAUblMR  design  shows  a-  ca.kjulated  totnl  pointing  errop  of 
0. 02?  degrees  versus  a 0. 020  degree  requirement.  The  analysis  used  the  General  Electric  GERMS  computer  pro- 
g^liiii  and  was  a preliminary  evaluation  of  the  worst-case  thermal  gradients  and  tolerances.  Subsequent  refinement 
o|  both  the  design  and  the  analysis  would  likety  have  resulted  in  LABIMR  pointing  performance  below  the  0. 020  d^ree 
requirements 

The  proposed  20/30  GHz  ten  foot  aperture  reflector  design  uses  approximately  0. 02  inch  graphite-epo:qr  faces  on  a 
L'  2 inch  thick  altimitimn  honeycomb  core,  and  reflector  and  feed  supports  are  built  up  boxes  of  0. 050  inch  thick  ^ 
graphite-QKMQr.  The  back  surface  of  the  reflector  and  outer  surfeces  of  the  sipport  boom  are  covered  with  multi- 
layer super  insulation  to  reduce  thermal  fluctuations  and  gradients. 

Estimated  total  pointing  error  for  the  20/30  GHz  antenna  based  on  ItAMMR  results  are  0. 03  degrees  minimum  to 
0, 0*1  d^rees  maximum.  The  increased  error  from  the  calculated  "iralue  of  0, 022  degrees  for  LAMMR  results 
primarUy  from  predicted  higher  thermal  distortions  for  the  20/30  GHz  antenna  having  a significantly  longer  orbital 
period.  These  errors  should  be  regarded  as  static  pointing  errora  which  wIU  largely  be  compensated  for  by  the 
action  of  the  monppulse  sensors. 
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BUDGET  (DEGREES) 

CALCULATED  ERRORS  (DEGRESS) 
(TIME  32) 

ULCULATEO  ERRORS 
(CEGREES)  (TIME  6B) 

BEARING  RUNOUT 

0.005® 

0.005® 

0.005® . 

ytstV 

'i 

FEED  POSITION 

0.0015® 

0.0015® 

0.0015® 

jitter 

0,0015® 

0.000® 

0.000® 

1G  FEED 

0.005® 

0.004® 

. 0.004° 

f . .. 

hoisture  feed 

0.002® 

0.002® 

0,002® 

rss 

0.007® 

0.006® 

0.006® 

i~~  • 

IG  ANTENNA 

0.001 

(D+0.003® 

(1)*.003® 

; . ; '5 

SPIN  FEED 

0.003 

•10.005° 

♦.005® 

SPIN  ANTENNA 

0.004 

(1)40.010° 

{1)4.010® 

THERMAL  FEED 

0.002 

-0.0004® 

-,006° 

THERMAL  ANTENNA 

0.003 

(1)-0.0014® 

{1)^.004® 

TOTAL 

0.020 

0.022° 

0.022® 

SPEC 

0.020 

0.020° 

0.020® 

(1)  FROM  GERMS 


THERMAL  CONTROL  SUBSYSTEM 

Th<e  low  risk  thermal  control  design  selected  for  the  spacecraft  meets  all  thermal  requirements  using  conippiieiits 
whiph  have  proven  life  performance.  The  Thermal  Control  Siibsystem  (TCS)  design  utilizes  thermal  coatings,  muM- 
layfir  insulation,  insulation  spacers,  heat  pipes,  and  electrical  heaters  activated  fay  thermostats  with  command  oyer- 
ridO;  The  TCS  design  imposes  no  operational  restrictions,  and  has  no  single  p&int  failures. 

Thermal  jbalance  tests  and  orbital  performance  of  the  Broadcast  Satellite  Experimental  (BSE)  have  verified  its  design 
for  both  the  transfer  orbit  and  orbital  missions.  The  STS/  SSUS-D  TCS  design  is  very  similar  themially  to  the  BSE 
design.  A TCS  overview  is  shown  with  the  ^acecraft  in  the  orbital  configuration. 

The  satellite  is  primarily  insulated  with  multi-^yer  insulation  blankets , with  heat  radiation  areas  on  the  north  and 
south  panels . To  minimize  the  effects  of  concentrated  heat  dissipation  tmder  the  transponder  TWT's  and  power 
supplies,  redundant  heat  pipes  are  located  on  the  north  panel.  The  north  and  south  panels  exchange  heat  primarily 
by  internal  radiation.  This  same  approach  was  used  successfully  on  BSE  to  effectively  provide  a large  ’sothermal 
radiator  panel.  Both  north  and  south  panel  radiating  areas  are  covered  with  Optical  Solar  Reflectors  (OSR).  OSR 
was  selected  as  the  primary  heat  radiation  coating  because  it  is  the  most  stable  coating  available  with  extensive 
S3mchronous  altitude  satellite  heritage.  The  Electrostatic  Discharge  (ESD)  approach  is  to  ground  all  components 
including  each  layer  of  the  multi-layer  blankets  and  the  thermal  coaitings. 

Heater/  thermostat  assemblies  stq>plement  the  design  on:  the  batteries,  which  must  be  maintained  above  0°C;  ttie 
Secondary  Propulsion  Subsystem,  to  maintain  hydrazine  above  1. 7*^C;  and  the  AKM  to  maintain  its  temiierature 
prior  to  firing.  Compensation  heaters,  not  normally  on,  will  be  located  on  the  north  i>anel  to  provide  j)ower  during 
periods  of  initialization  and  during  reduced  payload  operation  to  maintain  minimum  tepaperature  levels.  AH  thermo- 
stats are  redundant  and  all  heater  assemblies  have  either  redundant  commandable  assemblies  or  redundant  elements. 
All  thermostat  circuits  can  be  overridden  by  groimd  command  and  separate  commands  are  provided  for  the  prime  and 
redundant  heater  circuits  in  each  assembly. 

General  Electric  thermal  control  experience  on  the  BSE,  Nimbus  and  Landsat  and  DSCS  HI  provides  a solid  basis  for 
the  thermal  control  approach  selected.  The  overall  design  concept  is  also  very  similar  to  those  used,  in  whole  or  in 
part,  on:  The  Application  Technology  Satellite  (ATS-6);  the  Communications  Technology  Satellite  (CTS),  LES  8 and  9; 
RCA-Satcom;  and  the  Eleetsatcom  satellites.  It  is  also  being  used  on  other  spacecraft  including  the  Eurcpean  OTS, 
Intelsat  V,  and  BSE.  These  satellites  are  similar  in  that  they  are  three-axis  stabilized,  synchronous  satellites  with 
commimications  i>ayloads.  All  utilize  thermal  control  techniques  including  heaters,  multi-layer  insulation,  OSR  or 
silver  teflon  coatings,  and  some  have  heat  pipes. 
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SPACE  SYSTEMS  DIVISION 


HEAT  PIPES  ON  NORTH  PANEL 


OSR  THERMAL  COATING 


SELECTED  COATINGS 
ON  ANTENNA 
AND  SOLAR  ARRAY 


SPACECRAFT  ENCLOSED 
BY  MULTI-LAYER  INSULATION 
(GROUNDED  FOR  ESD) 


INSULATION,  TAPE, 
HEATERS  & THERMOSTATS 
ON  TANKS,  LINES  & VALVES 


INSULATION  & HEATERS 
ON  SENSORS 


KEY  DESIGN  FEATURES 


AKM  THERMAL  SHIELD 
(HEATERS  ON  AKM) 


PASSIVE  WITH  HEAT  PIPES  AND 
HEATERS 


TAPE  & INSULATION 
ON  FEEDS  AND  SUPPORTS 


MINIMUM  10“C  TEMPERATURE  MARGINS 

BATTERIES  MAINTAINED  0°C  TO  10°C 
ON  ORBIT  AND  INDEPENDENT  BATTERY 
RADIATOR  (HEATER  POWER  MINIMIZED 
BY  CHARGE  RATE  CONTROL) 

OSR  HEAT  REJECTION  COATINGS 

FLIGHT  PROVEN  CONCEPT  & COMPONENTS 


ATTITTIDE  CONTROIi  SUBSYSTEM 


With  limited  ground  intervention,  the  Attitude  Control  Subsystem  (ACS)  provides  sateUite  control  during  the  Trans- 
fer Orbit,  Drift  Orbit,  and  Synchronous  Orbit  phases  and  performs  the  Usted  fimctions. 

A nominal  m rpm  spin  velocity  is  imparted  to  the  satelUte  and  SSUS-D  at  separation  retaining  its  spin  momentum 
until  completion  of  apogee  motor  firing.  During  this  phase,  the  ACS  provides  three  major  functions:  1)  nutation 
2)  telemetered  sun  and  earth  direction  data  for  use  with  ephemeris  information  to  allow  ground  computa 
tion  of  the  satellite  inertial  attitude,  and  3)  through  uplink  commands,  reorients  the  satellite  to  the  attitude^re- 
quired  for  apogee  motor  firing.  Precession  is  accomplished  by  means  of  on-board  controlled  operation  of  ^e^ 
precession/nutation  damping  thrusters.  PoUowing  apogee  motor  burn,  the  satelUte  remains  spm  stabilized  wMle 
nutation  is  damped  and  further  spin  speed  data  is  processed  for  final  spin  momentum  removal.  Earth  acquisition  is 
completed  immediately  foUowing  the  final  despin  maneuver.  Belease  of  the  solar  arrays  at  this  time  aUows  array- 
mounted  Sun  sensors  to  acquire  the  Sun  completing  the  acquisition  process.  Subsequently,  the  four  skewed  reaction 
wheels  are  activated  to  simply  control  torques.  On-orbit,  three-axis  control  is  maintained  during  aU  mission  phases 
by  a zero  momentum  stabilization  system.  Redundant  passive  earth  sensors,  redundantRF  sensors  md  redmdant 
array  mounted  sun  sensors  are  used  to  derive  roll,  pitch,  and  yaw  error  signals.  On-board  processing  of  the 
sensor  signals  allows  any  two  of  the  three  attitude  sensors  to  provide  sufficient  information  for  three-axis  co^rol. 
Reaction  to  disturbance  torques  are  provided  by  four  (4)  reaction  wheels.  The  reaction  wheels  are  configurad  to 
allow  a failure  of  any  unit  or  its  drive  electronics  without  causing  service  interruption  or  d^radation  of  x>erform- 
ance.  The  hydrazine  thrusters  can  be  used  in  a backup  mode  with  some  degradation  in  pointing  accuracy.  The  low 
thrust  engines  are  controUedby  the  ACS  and  are  used  for  static^nkeeping  and  to  unload  accumulated  momentum 
stored  by  the  reaction  wheels. 

ACS  performance  in  each  phase  is  tabulated  with  the  0. 05  degree  operational  mode  beam  pointing  capability  being 
most  for  system  performance.  This  accuracy  is  achieved  by  integrating  the  monopulse  RF  sensor  with 

the  20/30GHZ  ant^pna  to  minimize  alignment  and  distortion  effects  between  the  ACS  sensors  and  antenna  system. 


GENERAL 

ELECTRIC 


AniTUDE  CONTROL  SUB  SYSTEM  (ACS) 


ACS  FUNCTIONS 


• ACTIVE  NUTATION  DAMPING  DURING  SPIN  PHASE 
t PROVIDES  SPIN  AXIS  ATTITUDE  DATA 

t CONTROLS  GROUND  COMMANDED  PRECESSION 

• CONTROLS  DESPIN 

• MAINTAINS  THREE-AXIS  AHITUDE  CONTROL  THROUGHOUT  THE  MISSION 
USING  SEVERAL  COMBINATIONS  OF  SENSORS 

•MAINTAINS  THE  SOLAR  ARRAY  PERPENDICULAR  TO  THE  SUN  LINE 

• CONTROLS  EAST/WEST  AND  NORTH/SOUTH  STATIONKEEPING  MANEUVERS 


ACS  PERFORMANCE 


Spin  Phase 

• Attitude  det  accuracy 

• Precession  accuracy 

• Kutatlon  damping 

• Spin  rate 

0.30%  3o 
0.1%  3o 

= 60  xnln.  before  AKM  bum 
= 90  min.  after  AKM  bum 
60RPM±15IIPM 

Wheel  Capture 

• Tiime  to  achieve  normal 
pointlng^ 

30  mins,  after  earth 
acquisition 

Operational  Mode 

• Beam  pointing  accuracy 

• Stability  margins 

0.05  deg. 

3X  (wit  control  loop  gains) 

Despin 

• Despin  time 

• Final  rate 

Earth  Acquisition 

• Initial  conditions 

• Accuracy 

• Acquisition  time 

20  min. 

^0. 3*/sec/axis 
IVSEC/AXIS 

± 2*,  PITCH,  ROLIci  S*,  YAW 
6 HOURS  AFTER  AKM  BURN 

E.  W.  N.S.  Stationkeeping 

• Pointing  accuracy 

• Stability  margins 

0.1  deg. 

3X  wrt  control  loop  gains 

Solar  Array  Control 
• Accuracy 

i 1.  0 deg. 

ACS  BLOCK  DIAGRAM 


^aztae  Secondary  with  the  solar  array  drive  and 

are  used  as  part  of  the  three-axis  control  system  during  orbiS  o'JmUor“^°‘  and  precession  during  the  spin  phase 

to  inc  bPb  thrusters  and  reaction  wheels. 


• earthsemsor 

• DIGfTALSUN  SENSOk'^ 

t HORIZON  CROSSING  INDICATOR 

• SUN  SENSOR  ASSEMBtY 

• REACTIONWHEELS 

• RE  SENSOR 

• LINEAR  ACCELEROMETER 


BSE  ATTITUDE  CONTROL  SUBSYSTEM 


The  BSE  Attitude  Control  Subsystem  shows  the  ACS  and  SPS  iiardware  planned  for  use  on  the  SSUS-D  spacecraft. 
The  BSE  was  launched  by  the  Delta  2914,  and  used  a passive  nutation  damper  for  spin  phase  notation  control.  The 
passive  damper  has  been  removed  andActive  Nutation  Control  (ANC)  added  to  accommodate  the  45  minute  loiter 
time  required  after  ejection  of  the  spinning  SSUS-D/sipacecraift  assembly  from  the  STS  cargo  bay. 

The  reaction  wheels,  digital  and  analog  sun  sensor  horizon  crossing  indicators.and  rate  gyro  are  BSE/BS-2  com- 
ponents, and  the  ACE  electronics  package  are  modified  BSE  designs.  The  BSE  earth  sensor  has  been  replaced  on 
BS-2  and  the  SSUS-D  spacecraft  with  the  redundant  channel  DSCS-in  earth  sensor. 


ELECTEICAL  POWER  SUBSYSTEM 


The  Electric  Power  Subsystem  performs  the  following  functions  to  provide  electrical  power  for  all  modes  of  satellite 
operation  diiriTig  launch,  parking  and  transfer  orbits,  and  mission  operation  in  synchronous  orbit: 

1.  Converts  solar  energy  to  electrical  power. 

Regulates  and  distributes  power  to  the  satellite  subsystems. 

2tr 

3,  Stores  fiTifiT-gy  in  batteries  for  use  during  eclipse  periods  or  short  duratioiipeak  demand  periods^ 

Highly  efficient  solar  ceRs  covering  the  faces  of  the  array  panels  are  constantly  oriented  to  the  Sun  to  convert  die 
incident  solar  energy  to  electrical  power.  The  solar  array  output  is  connected  directly  to  the  user  loads  through 
relays  and  fiises  with,  no  in-line  power  limiting  devices.  The  bus  voltage  is  regulated  at  28  volts  dc  -f-  or  - 2 per  cent 
at  the  user  load  terminals.  Battery  energy  is  provided  for  satellite  loads  during  launch,  ascent  and  transfer  orbit 
Injection  until  the  folded  array  assemblies  can  be  iUuminated.  During  transfer  orbit  and  eclipse  periods  the  battery 
also  shares  the  load.  Three  4-ampere-hour  sealed  nickel-cadmium  16-cell  batteries  are  utilized  to  satisfy  die  total 
energy  storage  requirement.  Each  battery  has  its  own  dedicated  cliarge  r^ulator  and  reconditioning  circuitry,  ^nie 
reconditioningcycle  is  initiated  and  terminated  by  ground  commancls.  Battery  discharge  is  accomplished  at  the 
regulated  bus  voltage  through  the  use  of  a voltage  boost  converter.  The  EPS  provides  centralized  power  control  and 
distributes  and  turns  all  power  on  and  off  by  ground  command.  The  EPS  also  provides  all  safing,  arming,  and 
actuation  functions  associated  with  adl  electro-explosive  device  (EED)  initiators.  EED’s  are  used  to  fire  the  Apogee 
Kick  Motor  (AKM),  and  to  release  the  stowed  solar  array  wing  assemblies  and  antenna  reflector. 

Successful  operation  of  the  EPS  system  Over  the  total  mission  is  assured  by  the  maximum  use  of  redundancy  and 
elimination  of  aU  potential  single-point  failure  modes.  This  is  exemplified  in  the  solar  array  where  loss  of  one 
circuit  or  the  loss  of  one  battery  has  no  mission  effect  since  missiion  requirements  are  stiE  provided.  Majority 
voting  with  redundancy  is  used  in  the  PRU  central  control  logic,  series  and  parallel  redundancy  in  the  ordance 
controller,  and  active  or  standby  redundancy  on  such  items  as  the  ;Boost  Regulator. 


EPS  PERFOBMANCE  SUMMARY 


Electrical  Power  Subsystem  summarized  is  designed  to  provide  power  to  flie  four  year  20/30  Ghz  ^acocraft 
miiiidn  meeting  tJxe  follovdng  payload  and  subsystem  power  budget: 

Subsyslein  Power  Bu^et 


Day 

Night 

(nratts) 

(watts) 

Payload 

800 

27 

Attitude  Control 

23 

23 

Thermal  Control 

50 

22 

TT&C 

15 

15 

Power  Subsystem 

80 

20 

Total  Iioad 

9(58 

107 

10%  Margin 

9T 

11 

Total  Power  Required  D 

1065  watts 

118  watts 

The  payload  day  power  requirement  of  800  watts  xtoes  not  include  the  10%  margin  previously  shown.  Total  margin, 
including  the  payload  is  applied  to  the  total  load. 


SPACE  SYSTEMS  WVKK>N 


SOLAR  ARRAY  AREA 

138  FT^ 

MIN IMUM  ARRAY  POWER  - 4 YEARS 

1100  WATTS 

MAX  IMUM  USER  LOAD  - 4 YEARS 

968  WATTS 

REGULATION  AT  EPS  TERMINALS 

28  VOLTS  + 1 % 

MAXIMUM  DEPTH  OF  DISCHARGE 
(2  OF 3 BATTERIES  CONDITION) 

60% 

ECLIPSE  USER  LOAD 

107  WATTS 

GENERAL 

ELECTRIC 


EP  S DES I GN  CHARACTER  I ST  I CS 


SPACE  SYSTEMS  OiViSiON 


Hardware  Itcro 

Desi cm  Characteristics 

• Solar  Array 

• Four  6.5  ft  X 5.3  ft  Panels  - 138  ft^ 
gross  area 

• High  Efficiency  Solar  Cells 

• Diode  Isolation  Between  Circuits 

• Shunt  Di  ssipators 

• Located  on  the  Solar  Array  Yolce 

• Regulates  Array  Output  Voltage  by 

Sequentially  Loading  Down  Portions  of  the 
Array 

• Drive  Signals  Provided  by  the  Power 
Regulation  Unit 

• Power  Re culaticn  Unit 

• Battery  Charge  Control,  Battery 

Reconditioning  Control,  Battery  Isolation 

• Drive  Control  for  Shunts 

• Priority  Control* of  Array  Power  to 

-Load  -Shunting 

-Batteries  -Battery  Discharge 

Protection 

• Independent  Power  Buses  to  Sose  User  Loads 

■ • Batteries 

• Three  - 4 AH  Each,  Sealed  16-Cell  Hickel 
Cadmium  Batteries 

• Full  Power  Provided  with  Two  of  Three 
Batteries  Operating 

• Power  Controller 

• Provides  the  Following  Functions 

- Command  Controlled  On/Off  Power  and 
Beater  Switching 

- On/Off  Status  of  Selected  Power  Switches 

- Load  Overcurrent  Protection  (Fuses) 

• Ordnance  Controller 

• Provides  the  Following  Functions 
- Coniiiand  Controlled  Power  To 

• Apogee  Kick  Motor 

• Solar  Array  Release 

• Antenna  Deployment  Release 

SOLAR  ARRAY  ASSEMBLY 


The  solar  array  consists  of  two  symmetrical  wing  assemblies  leaving  a total  panel  area  of  138  square  feet  md  total 
sam  of  47  feetf  Each  wing  has  a boom  and  yoke  to  position  the  array  panels  oufeoard  to  clear  the  sha^w  Ime  from 
t^deplSed  antenna  rSStor.  All  panels  are  of  rigid  sandwich  construction  ha^  graphxte-epo^ 
to  alu^n^  honeycomb  core.  Mechanisms  are  provided  to  secure  and  release  the  stowed^ray,  to  deploy  and 
panels,  Ld  a drive  that  continuously  orients  the  deployed  array  towarftte  Sun. 
ring  asstLiUes  to  transmit  power  and  signals  across  the  rotating  interlace.  Deployment  is  controUedby  iJjoar 
panel  synchronization  cables  and  rate  control  dampers  at  the  panel  hinge  lines. 


The  retention  system  secures  the  folded  panels  for  launch  at  lour  points  lor  each  wing,  ai^ls^^ea^d^ 
firing  the  dual-pyro  activated  retentioa  nuts.  This  retention  system  is  curren^used  on  «« 1»CS  m ^d  L^at^D 
spacecraft.  Deployment  mechanisms  use  the  DSCS-IH  design,  the  DSCS  in  locking  hings,  ^ ^ 

t^dampers.  TliTolar  array  drive  assembly  consists  of  the  DSCS  m drive  and  sUp-ring  modules  jomedby  a 

rigid  drive  shaft. 


Hiah  stif&iess  to  weight  graphite-epoxy  composite  materials  are  used  for  array  panel  construction.  The  compo^te 
s“  ^^es^  0. 006  inch  g^te-<^ay  faces  bonded  to  a 0. 75  inch  thick  al-iminum  hmeycomb  core  The 

dSX  of  ^or“  sed  in  this  deSigi  is  2. 0 lb/ft3.  The  increased  panel  sUttmss  of  p^ 

over  an  all  aluminum  design  wiU  reduce  deflections  during  launch  and  increase  the  deployed  array  s^ess.  The 
romp”ite  ar”els^s^  to  those  developed  and  Down  on  the  OTS  Satellite  in  1978,  and  Solar  Max  m 1979. 


Boom  and  yoke  frame  construction  utilizes  buDt-up  graphite-epoxy  segments  attached  to  root  pivot  and  hinge  fittings 
sixnilS'i^  to  tho  BSE  and  DSCS— IH  dssigns. 


Alternate  lower  cost  array  structures  using  conventional  aluminum  face  honeycomb  sandwich  panels  and  aluminum 
fi™^SS.Tr^Ledfor  the  array  stractures  on  I^OS  IB  and  Landsat-D,  oanbe  used  at  an  mcrease  m 

weight  of  15  to  20  pounds. 
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GENERAL 

ELECTRIC 


SOLAR  ARRAY  ASSEMBLY 


6.5  FT  X 5.3  FT  SOLAR  ARRAY  PANELS  (4), 
GRAPHITE-EPOXY  - AL.  H/C  CORE 
SANDWICH  SUBSTRATE  PANELS 
(OR  ALUMINUM  FACED  SANDWICH) 


SPACE  SYSTEMS  CMVISION 


SINGLE  AXIS 
DUAL  MOTOR  , 
SOLAR  ARRAY 
DRIVE 


BERYLLIUM 
SHUNT  PANELS' 
(2) 


DUAL  SLIP  RING- 
ASSEMBLIES 


iim 

:'V-1 

1!  Y\ 

A\ 

mi' 
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HIGH  EFFICieiCY 
SOLAR  CELLS 


HINGE  SPRINGS  (2  PER  JOINT) 
DAMPERS  (1  PER  JOINT) 


GRAPHITE-EPOXY 
YOKE  FRAMES 
AND  BOOMS 


PULLEY-CABLE 

SYNCHRONIZATION 

MECHANISMS 


‘ULTRA  LOW  SHOCK  (ULS) 
SEPARATION  NUTS  FOR 
ARRAY  RETENTION 
(8  PLACES) 


DSCS-m  SOLAR  ARRAY  DRIVE  AND  SUP-RING  MODULES 


vided  bVthe  ACS  amLde^Slrorl  *“  »'  “>«  *'  P«- 

adrdss  the  rotating  interface.  ^ ^ assemblies  are  provided  to  transfer  power  and  signals 

qMlifS^nd  fl^w^i^on  ^?d  Sear.  This  basic  drive  train  was 

DSCS-m  drive  module.  These  comnonents  h^P  hppn  h ^ beanngs  and  lubricants  have  been  retained  on  the 

program  and  have  aocmmilated  life  testing  far  in  excess"If  Sfo^J'^e^  '“''® 

torgne  for  the  solar  array  drive  is  20  foot-ponnds  for  one  motor  and^ffoo^S 

rings  hy  the  signal  rings  and  s^re”^  ^ 


DSCS-III  SOLAR  ARRAY 
DRIVE  AND  SLIP-RING  MODULES 


GENERAL 

ELECTRIC 


SOLAR  ARRAY  RETENTION 


Each  folded  solar  array  wing  assembly  is  secured  to  the  spacecraft  body  by  four  dual-p3rro  activated  retention  nuts. 
Each  attach  point  has  preload  capability  up  to  4000  pounds  to  Insure  the  array  is  rigidly  supported  throughout  the 
di^namic  la^mch  environmental  sequence.  The  array  is  released  by  redundant  signals  firont  the  EPS  ordnance  con- 
troller activating  the  dual  jyro  initiators  in  each  nut.  This  tjrpe  retention/release  system  is  used  for  DSCS-RE  ^ce- 
craft  separation,  DSCS-in  and  Landsat-D  solar  array  retention,  and  LandsaA-D  TDRSS  boom  retention.  The  "Ultra 
Low  Shock"  separation  nuts  qualified  for  Landsat-D  will  be  uSe^  and  tiie  pyros  or  "Electro  - ibqplosive  Devices" 
(EED's),  have  been  qualified  on  earlier  programs. 

This  same  retention  system  will  also  be  used  for  retention  and  release  of  the  antenna  reflector. 


SOUR  ARRAY  RETENTION 


CENERAL 

ELECTRIC 


• FOUR  ULTRA  LOW  SHOCK  (ULS)  SEPARATION 
NUTS  PER  WING 

• RELEASE  BY  DUAL  PYRO  INITIATORS  ON  EACH 
NUT  ACTIVATED  BY  REDUNDANT  SIGNALS 

• 4000  POUNDS  JOINT  PRELOAD 

• QUALIFIED  FOR  DSCS-III  AND  UNDSAT-D 


SPACE  SYSTEMS  DIVISION 


BSE  SOLAR  ARRAY  ASSEMBLY 


^velo^ent  Model  spacecraft  lor  final  qualifloafion  to  the  lannch  loads  and  envrronments. 


A siniilar  verification  and  test  program  mil  be  performed 


for  the  20/30  GHz  spacecraft  solar  array. 


oRIGLNAI.  pack  is 
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SECONDARY  RBOPULSION  SUBSYSTEM 


The  Secondary  PropijdsloiL  Sub^stem  (SPS)  is  a mass  e^^fdlsion,  monopropellant,  cat^3^callY  decon^Mo^i 
thy^razine  ^stem  with  hetitim  pressurant  operating  in  a simple  blow-down  (non-r^ulate^  mode.  Two  ’thruster 
tgti^d%(S'eac^  capable  of  performing  all  mission  hmctions,  are  maintained  as  separate  mtities  by  normally  closed 
liltchf%dsolation  val^  The  following  functions  are  provided: 

• Imitation  Control  daring  SSUS-T)  ’firii^. 

• Spin  lUnctions 

S^in  Bate  Adjust 

Precession 

Despin 

• Orbit  Adjust  Ponctioiis 

- Removal  of  orbit  injection  errors 

- Drift  correction 

- East/West  and  Horth/South  stationkeeping 

• Atiitude  Control  Functions 

Attitude  Acquisition 

- Beaction  l^eel  Unloading 
— Reaction  Wheel  BachtQ) 

hi  operation,  control  of  thruster  firij^  is  maintained  by  the  Attitude  Control  Subsystem.  Each  thruster  is  controlled 
with  a pair  of  normaUy  closed  series  redundant  solenoid  opersited  valves.  The  thrusters  have  redundant  thrust 
chamber  heaters  to  pre-heat  the  chanaber.  The  propellant  is  catalytically  decomposed  in  the  thrust  chamber.  Eight 
of  the  thrusters  in  each  group  operate  at  a maximum  initial  thinist  level  of  0. 29  ibf  and  provide  East/West,  North/ 
South  adjustmmts  and  reaction  \^eel  reset  on-orbit.  One  thruster  in  each  group  operates  at  an  initial  thrust  level  of 
1.  0 Ibf  for  active  nutation  control  and  precession  maneuvers. 


j- 


SPS  PROPEIiANT  BUDGET 

A total  SPS  hydrazine  prope^t  oAital  ac^sltton 

20/3P  caz  spacecraft  Ule  The  tolerances.  The  major  prcpeUant  loa^  ^red  to 

-Xuhds.  oraftnosty5%otthetotoltoelload. 

H3SaixSSSrto^S 


GENERAL 

ELECTRIC 


SPS  PROPELLANT  BUDGET 


SSP 

SPACE  SYSTEMS  DIVISION 


manuever/function 

SPIN  RATE  ADJUST 
PRECESSION  AND  NUTATION 

despin 

attitude  ACQUISITION 
STATION  ACQUISITION 
N/S  STATIONKEEPING 
E/W  STATIONKEEPING 

reaction  wheet  reset 
torque  control 

RESIDUAL  AND  TOLERANCE 
PRESSURANT 

TOTAL 


PROPELLANT  WEIGHTS,  POUNDS 

0.22 

7.90 

1.96 

0.36 

34.20 

127.40 

6.25 

1.50 

4.90 

4.13 

1.00 

189.82 


SPS  HARDWARE  CHARACTERISTICS 


Sta  T ^ are 

file  tanks  are  as  speolfled  for  DSCS  in  and  are  currently  belnT^i^  “*  pounds  of  hydrazine, 

^ysls.  Additional  weight  for  local  strengthening  sh^  to^  r^red  S l^^fcacture  mechanics 

in  the  tow  tank  weight.  Thrusters,  valves  endows  are  nsed^Sl^ 


i'lm  ir'itiTTiTnti  III  i''inmi 


GENERAL 


SPS  HARDWARE  CHARACTERISTICS 


m 


ELICTRiC 

SPACE  SYSTEMS  EHViSION 

HARDWARE  ITEM 

DESIGN  CHARACTERISTICS 

• PROPELLANT  TANKS 

• SPHERICAL  TANKS  NOMINALLY  22.25  INCHES  IN  DIAMETER 

• QUALIFIED  TO  HOLD  303  LBM  OF  PROPELLANT 

• HIGH  THRUST  ENG INES(HTE) 

• TWO  HTE'S  FOR  PRECESSION/NUTATION  CONTROL 

• 1.0LBf 

• LOW  THRUST  ENGINES  (LTE) 

• 16  LIE'S 

• INITIAL  RATING  = a29LBf 

• DUAL  SEATED  VALVES 

• LATCHING  ISOLATION  VALVES 

• FOUR  VALVES  PROV 1 DE  ISOLATION  BETWEEN  THE  PROPELLANT 

TANKS  AND  THRUSTER  GROUPS 

• FILTERS 

• PARTICLE  RETENTION  CAPABILITY  OF  lOMICRONS 

• FILL  AND  ORAIN/VALVES 

• PERMIT  FILLING,  DRAINING  AND  VENTING  OF  PRESSURANT 

AND  HYDRAZINE 

• PRESSURE  TRANSDUCERS 

• PROVIDE  PROPELLANT  TANKS  PRESSURE  DATA 

• TEMPERATURE  SENSORS 

• MONITOR  TEMPERATURE  OF  PROPELLANT  TANKS  AND  THRUST 

CHAMBERS 

BSE  SECONDARY  PROPULSION  SUBSYSTEM 


The  BSE  SK  uses  two  16-1/2  inch  propellant  tanks  having  a total  capacity  of  125  pounds.  The  system  utilizes  14 
low  level  Uirusters  for  normal  attitude  control  hmctions  and  two  high  level  thrusters  for  precession  maneuvers 
during  the  Spin  phase.  The  entire  all  welded  SPS  is  assembled  to  the  thrust  cone  and  truss  suppoirts  and  tested 
prior  to  installation  on  the  spacecraft  faring  the  final  assembly  cycle. 

The  thrusters,  valves,  filters  and  other  subsystem  hardware  flown  on  BSE  have  been  subsequently  used  on  DSCS-m 
and  have  been  selected  for  the  SSUS-D  spacecraft  SPS. 


ORIGINAL  PAGE  IS 
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BSE  SECONDARY  PROPULSION  SUBSYSTEM 
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S^ACf  systems  OiVtSKM 
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modified  stae 


30B  AKM 


SPACECRAFT  COMPONENT  HERITAGE 


C,mp<me.rts  selected  for  the  STS/SSOS-D  20/30  Ghz  spacecraft  subsystems  are  Ustedvdth  their  „«*l.tedp«g«ma 
heritage. 

Almost  SB  subsystem  eompcueuts  have  been  pre^tmaly  no™  on  BSE  aud/or  h^^ 

program. 

■tte  spacecraft  primary  stnicture  Is  m ettotged  md  s^^^d  uses  graphite- 

DSCS-m  materials,  components,  ^teners  m ^ ^ satellUtes  or  if  total  weight  margin  for  the  satellite 
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SPACECRAFT  COMPONENT  HERITAGE 
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Sr ACE  SYSTEMS  OtVISIDH 


SUBSYSTENl/COMPONENT 

HERITAGE 

SUBSYSTEM/eOMPONENT 

HERITAGE 

SUBSYSTEM/COMPONENT 

HERITAGE 

AniTUDE  CONTROL 
EARTH  SENSOR 

DSCS  III 

ELECTRICAL  POWER 
SOUR  ARRAY  CEaS 

DSP,  CS-2 

n&c 

TRANSPONDER 

BSE 

0 16 ITAL  SUN  SENSOR 

BSE 

BS-2 

DECODER 

BSE 

HORIZON  CROSSING 

USE 

BAHERY  CELLS 

BSE 

ENCODER 

BSE 

INDICATOR 

SUN  SENSOR  ASSEMBLY 

REACTIOTJ  WHEaS 

RF  SENSOR 

. ACCELEROMETERS 

ATTITUDE  CONTROL 
ELECTRONICS 

BSE 

BSE 

BSE 

BLOCKS 
BSE  MOD. 

SHUNT  DISSIPATORS 

POWER  REG.  mn 

POWER  CONTROLLER 

ORDNANCE  CONTROLLER 

SOUR  ARRAY  DR  IVE 

SOUR  ARRAY  RELUSE 
& DEPLOYMENT  ASSY 

BSE/DSCS  III 

BSE/DSCS  III 

BSODSCSm 

DSCS  III 

DSCS  Ill/BSE 

LANDSAT-D/ 
DSCS  III 

ANTENNA 

THERMAL  CONTROL 
HEAT  PIPES 
COATINGS/PAINTS 
HUTERS/THERMOSTATS 

BSE 

/MCS/SMM 
BSE/DSCS  III 
BSE/DSCS  III 

SECONDARY  PROPULSION 
TANKS 

DSCS  III 

AKM 

Fua 

STAR30B 

OPTICAL  SOUR  REFLECTORS 
(OSR) 

INSUUTION 

OSes  III,  DSP. 

as 

DSCS  HI.  BSE 

THRUSTERS 
VALVES  & FILTERS 
PRESSURE  TRANSDUCERS 

BSeDSCSIll 
BSODSCS  III 
BSeDSCS  III 

CASE 

SAFE  & ARM 

STARSOB 

(STRETCHED) 

STAR  27.  30B 

STRUCTURE 

PRIMARY  STRUCTURE 

BSE/DSCS  III 

TEMPERATURE  SENSORS 

BSE/DSCS  III 

SOUR  ARRAY  PANaS 
COMPOSITE  STRUCTURE 

OTS/SMM 

BSE/DSCS  III 
LANDSAT-D,  HGA. 
SMM 

WEIGHT  SIBIMARY 


Sliwstem  weights  and  ej^nd^les  are  tabulated  for  a four  yeatr  mission  giving  a total  payload  and  wei^  1^^ 
capBbiUty  of  573,  3 pounds  for  the  STS/SSUS-D  launch  gross  weight  of  2750  pounds. 

Tim  Baseline  payload  weight,  previously  described,  is  346, 5 pounds,  yielding  the  foUowing  margin  for  theBaaeline 
4 year  mission: 


Baseline  W^ht  Margin 


Subsystems  (Dry) 
Baseline  j^ayload 


745. 5 lbs 

346. 5 lbs 


Total  Spacecraft  (Dry) 
SPS  Fuel  (4  years) 
AKM  Propellant 


1092.0  lbs 
190.0  lbs 
1277. 2 lbs 


Margin 


190, 8 lbs 


S/C  Iiaunch  Gross  Weight 


2750.  lbs 


The  margin  o£  190. 8 poands  ini 7. 5%  of  the  spacecraft  dry  tvelght  which  shonld  be  approi^tely  15% 

spacecraft  design.  Since  about  haU  of  the  subsystem  weights  are  existing  hardware  requiring  no  weight  conting  y, 

the  190.8  pounds  provides  ample  weight  margin  for  the  spacecraft. 


A weight  breakdown  of  the  spacecraft  subsystems  is  shown,  and  payload  weight  breakdowns  were  shown  in  prewous 
tabulations. 


GENERAL 

ElECTRIG 


WEIGHT  SUMMARY 

STS/SSUS-D  SPACECRAFT  - 4 YEAR  MISSION 
1100  WATTS  EOL  POWER 


VAC£SYS;EM8  OIVtSION 


SUBSYSTEM 

WEIGHT  (POUNDS) 

ATTITUDE  CONTROL 

73,3 

THERMAL  CONTROL 

55-0 

POWER 

284.0 

SPS  (DRY) 

55.4 

AKM IDRY) 

68.8 

n&c 

24.0 

STRUCTURE 

17a  0 

BALLAST  &ESD 

15.0 

TOTAL  HOUSEKEEPING 

745.5 

SPS  FUEL  14  YEARS) 

190.0 

AKM  PROPaiANT 

1277.2 

PAYLOAD*  & MARGIN 

537.3 

TOTAL  LAUNCH  WEIGHT 

2750.0 

* PAYLOAD  INaUDES: 

- TRANSPONDERS 

- ANTENNAS 

- ANTENNA  AND  FEED  SUPPORTS 

- ANTENNA  DEPLOYMENT  MECHAN  ISMS 


p ’ 


STS/SSUS-D  S^>acecraft  Subsystem  Weight  Breakdown 

The  table  lists  detailed  conqpoDent  weights  for  the  varions  spaciecrait  subsystems  used  in  tMc  pievloos  chart. 


6INERAI 

ELECTRie 


STS/SSUS-D  SPACECRAFT 
SUBSYSTEM  WEIGHT  BREAKDOWN 


ATTITUDE  CONTROL  (ACS) 

EARTH  SENSOR 
MONOPULSE 

DIGITAL  SUN  SENSORS  C2) 

ANALOG  SUN  SENSORS  (2) 

RATE  GYRO 

HORIZON  CROSSING  INDICATOR  (2) 
ACS  ELECTRONICS 
REACTION  WHEELS  {4> 
AGCELEROMETERS  (2) 


(73.3) 

5.7 

18.0 

1.6 

0.7 

1.5 

3.0 

22.0 

20.3 

0.5 


THERMAL  CONTROL  (TCS) 
INSULATION  BLANKETS 
SUPPORTS 
COATINGS 

HEATERS  AND  MISCELLANEOUS 
HEAT  PIPES 


(55.0) 

24.5 

5.5 

10.0 

4.0 

11.0 


POWER  SUBSYSTEM  fEPSI 
SOLAR  ARRAY  PANELS 
SHUNT  DISSIPATORS  (2) 

POWER  REGULATION  UNIT 
POWER  CONTROLLER 
BATTERIES  (3) 

ORDNANCE  CONTROLLER 
HARNESS 

array  RETENTION  MECHANISMS 
ARRAY  DEPLOYMENT  MECHANISMS 
SOLAR  ARRAY  DRIVE  ASSEMBLY 
YOKE  AND  PIVOT  ASSEMBLY  (2) 
BOOM  AND  PIVOT  ASSEMBLY  (2) 


(284.0) 

80.0 

12.0 

31.5 

10.0 

27.5 
2.5 

60.0 

16.0 

9.0 

17.5 

8.0 
10.0 


SECONDARY  PROPULSION  (SPS)  (55. 4) DRY  S IS 

HYDRAZINE  TANKS  (2)  28  6 

THRUSTERS  (18)  13  i 

SUBSYSTEM  HARDWARE  13*7 


APOGEE  KICK  MOTOR  fAKMl 


TELEMETRY.  TRACKING  AND 
COMMAND  (TTSG) 

S-BAND  TRANSPONDER 
COMMAND  DECODER 
TELEMETRY  ENCODERS  (2) 
ANTENNAS  AND  CABLES 


(68.8)AKM  § 
BURN-OUT 


(24.0) 

10.2 

5.4 

6.8 

1.6 


STRUCTURE 
CYLINDER  ASSEMBLY 
THRUST  CONE  ASSe.1BLY 
AKM  ADAPTER  RING 
EAST-WEST  PANEiS  (2^ 
EAST-WEST  VEE  TRUSS  (4) 
NORTH-SOUTH  KEELS  (*1) 

UPPER  BULKHEAD 
LOWER  BULKHEAD 
N-TRANSPONDER  PANEL 
S-RECEIVER  PANEL 
S-HOUSEKEEPING  PANELS  (2) 
SUPPORTS  AND  MISCELLANEOUS 


(170.0) 

13.5 

20.0 

12.5 
16.0 

5.0 

9.0 

11.0 

9.0 

38.0 

11.0 
11.0 
14.0 


BALLAST  AND  ESP 
“BALLAST 
ESD  PROTECTION 


(15.0) 

10.0 

5.0 


Total  subsystems  (dry)  745.5  lbs 


EARTH  STATIONS  AND  MASTER  CONTROL  CENTER 


(This  work  performed  by  Digital  Communications  Company  of  Germantown,  Maryland  under  subcontract  to 
General  Electric.) 


EARTH  STATION  TYPES 


SS-TDMA  TRUNKING  STATION  LOCATIONS 


Six  possible  areas  can  be  illuminated  bv  the  sat^THfA  ^ 

be  located  within  each  beam  to  share  the  available  bandwidth  ^d  One  or  more  trunking  earth  stations  can 

anoo^n  o£  time  for  commurloations  is  mCC  f ^ 

can  be  manually  reassigned  I^r  the  MCC  (to  reduce  Mcr  mm  / assigned  routes  and  channels  are  assumed,  which 
5-eter  anteosas  m a ^afial  station  con^iS’S 

antenna  system  are  relayed  to  the  MCC  for  action.  P ram  fades.  Error  rate  estimates  from  each 

SS-TDMA  trunking  design  objectives  are  as  foUows: 

. Develop  accurate  and  reliable  fade  estimation  techniques 


• Demonstrate  antenna  diversity  operation  with  high  availabilify 

• Provide  satelUte  switch  synchronization 

• Push  state-of-the-art  in  high  rate  MODEMS. 


TRUNKING  SYSTEM  REQUIREMENTS 


Switches  in  Sie  spacecraft  are  used  to  select  either  Houston  or  New  York  for  Beam  1 and  either  Tampa  or  Washington, 
D.  C.  for  Beam  2.  The  on-board  IF  switch  cycles  through  four  connectivities  during  each  frame.  Each  trunking 
station  coordinates  its  256  Mbps  transmissions  with  this  switching. 

The  required  18  dB  uplink  and  8 dB  downlink  margins  are  achieved  by  a combination  of  fixed  power  margin  and  antenna 
diversity. 


TRUNKING  SYSTEM  REQUIREMENTS 


NETWORK  OF  6 NOOES 

- 4 SIMULTANEOUSLY  ACTIVE 

- 4 FIXED  BEAMS 

SATELLITE  IF  SWITCHING  FOR  BEAM  INTERCONNECT 
SSTDMA  ACCESS 

NOMINAL  256  MBPS  BURST  RATE  PER  BEAM 
5M  DIAMETER  ANTENNA  PER  STATION 
SPATIAL  DIVERSITY 

RAIN  FADE  MARGIN 

- 18  dB  UPLINK 

- 8 dB  DOWNLINK 


SS-TDMA  TRUNKING  DIVEHSriT  STATUS 


ss:  to's  “f  ^T“ 

|o  ^Meve  ava^IabmUea  greater  anteara  Wrat™^4~pr 


A CPS  terminal  is  also  co-located;  wMle  not  described,  the  functions  of  trunkinn  and  CPS  Tna^  « • n 

provided  hy  using  common  RF  and  interface  equipment.  trunlang  and  CPS  may  be  more  economically 


1 


I 


Hr4Jt- 


i 


SS  TDMA  TRUNK  me  DIVERSITY  STATION 


5 METER 


5 METER 


LOCAL 
I SITE 


DIVERSITY 

SITE 


RF/IF 


500°K 
GAAS  FET 
LNA 


BASEBAND 

EQUIPMENT 


FIBER 

r\  DTI 

256  MB/S  ^ 

FIBER 

noxf  r'c 

OP  1 1 Co 

XMTR 

RCVR 

FIBER 

OPTICS 

RCVR 

256  MB  /S  1 

FIBER 

OPTICS 

XMTR 

MODEM 


ANTENNA 

MOUNTED 


* I 

! ♦ 

CCS 

COMPUTER 


TERRESTRIAL 
T1.  T2,  e T3 
TRUNKS 


SPARE 


SYNCHRONIZATION  MAINTAINED  ON  BOTH  PATHS 

DIVERSITY  SWITCHOVER  BASED  ON  CONTINUOUS  BER 
MEASUREMENTS 

SINGLE  REFERENCE  STATION  CONTROL  PHILOSOPHY 


" wf  iip'iuii  f n 


SS-TDMA  TRUNKING  STATUS  BASEBAND  EQUIPMENT 

9^ 


The  arrangement  depicted  at  the  right  is  a standard  SS-TDMA  trunking  configuratioa -with  T^,  T2  and  T3  interfaces  and 
encryption-decryptiott  for  network  privacy.  The  equipment  contains  a processor  for  establishing  a network  plan  and  for 
iqMiating  this  plan  via  instructions  from  the  MCC.  A 16  bit  wide  data  bus  is  used  to  pass  data  feom  input  unit  to  the 
encrypter  and  then  to  the  formatter.  From  the  formatter  data  goes  either  to  the  fiber  optic  interconnect  or  the  delay 
compensating  buffer.  The  fiber  or  buffer  output  is  sent  to  the  modulator  at  the  diversity  or  local  site  respectively. 

The  receive  side  is  similar.  Demodulated  data  is  passed  through  the  fiber  or  compensation  buffer  to  the  deformatter 
which  performs  the  unique  word  recognition  and  data  distribution.  Data  from  the  on-line  path  is  decrypted  and  then 
output. 

The  site  control  computer  accepts  data  from  the  reference  station,  totalizes  BER  data  and  controls  the  station. 

The  SS-TDMA  trunking  network  is  defined  to  have  the  following  limitations: 

1.  CPS  and  trunking  systems  are  not  operated  simultaneously 

2.  BER  = 10“^  at  threshold;  FEC  will  not  be  used 

3.  Digital  speech  interpolation  will  not  be  used 

4.  ’’Manual"  control  of  routing  and  burst  times,  no  automatic  signalling  and  switching 

5.  One  manned  reference  station  (in  Cleveland)  with  centralized  control  (this  may  not  be  the  best  choice  for  a 
large  operational  network) 

System  Operations  requires  the  following  functions  to  be  performed: 

1.  Begin  synchronization  procedure  by  using  all  digital  satellite  switch  ^3mchronization  on  both  paths 

2.  Transmit  alternating  primary  and  secondary  reference  burst  in  every  frame 

3.  Other  trunk  sites  sequentially  gain  access  to  ^stem  using  20  microsecond  S3mc  window  (ranging  ^stem  can 
be  verified  during  this  step) 

4.  Bit  error  measurements  are  made  on  all  received  unique  words  by  all  trunk  stations 

5.  Each  sync  burst  consists  of  100  symbols  for  0.4  psec  duration 


P^- 

h 

p 

ii 


T1  CHANNELS 


DEMULTIPLEXER 
T2  CHANNELS  I & 

T3  CHANNELS 

— — BUFFER 


MULTXPJLEXER  AND  COMPRESSION  BUFFER 


The  trunking  station  accepts  Tl,  T2  and  T3  data  channels.  A special  purpose  user  pert  wU  be  developed  for  each. 
Functionally,  each  port  accepts  the  data  and  peHorms  the  appropriate  bit  stuffing  and  extracting  functions  to  match 
line  and  station  dock  rates.  A double  buffer  technique  is  used  to  hold  the  data  for  one  TDMA  frame  time.  Station 
«n.ing  controls  buffer  readout  onto  the  station  TDM  data  bus.  This  is  a 16  bit  wide  16  megaword  per  second  TDM 

bus  used  for  data  transport. 


m 

t 

! 


a 


r 
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MULTIPLEXER  AND  COMPRESSION  BUFFER 


TIMING  FROM 


TYPICAL 


DEMULTIPLEXER  AND  EXPANSION  BUFFER 


DOWNONK  FRAME  STRUCTURE 


The  supeiframe  is  used  to  coordinate  network  plan  changes  and  scrambler  synchronization  as  with  conventional  TDMA. 


Each  TDMA  frame  is  synchronized  to  the  satellite  IF  switch  and  starts  with  a loopback  connectivity  for  closed  loop 

^nchronization.  The  reference  station  provides  a reference  burst  in  each  connectivity  which  facUitates  synchronization 
of  the  other  system. 


In  an  operational  system  with  more  than  one  trunking  station  per  beam  additional  features  would  be  added  to  the  frame 
structure  to  control  station  acquisition. 


DOWNLINK  FRAME  STRUCTURE 


SUPERFRAME 
510  TOMA  FRAMES 
. 512  SEC 


TOMA  FRAME 
1 MS 


LOOPBACK  AT  REF 


LOOPBACK 

ELSEWHERE 


CROSSOVER 
FROM  REF 

CROSSOVER 
FROM  OTHERS 


I ss  i [ 


LOOPBACK 


CROSSOVER  A 


CROSSOVER  B 


CROSSOVER  C 


1 REF  1 

SYNC 

1 ACQ 

|pE 

DATA  1 

1 1 1 

1 SYNC 

1 ACQ  1 

1 

P 

DATA  ! 
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SS 

LOOPBACK  = 

CROSSOVER  = 

REF 

SYNC 

ACQ 

P 

DATA 


SATELLITE  SWfITCH  SYNCHRONIZATION 

IF  SWITCH  STATE  WHICH  CONNECTS  STATIONS  IN  THE  SAME  BEAM 
IF  SWITCH  STATE  WHICH  CONNECTS  STATIONS  IN  DIFFERENT  BEAMS 
ALTERNATES  BETWEEN  LOCAL  AND  DIVERSITY  REFERENCE  BURSTS 
USED  FOR  LOCAL  BURST  SYNCHRONIZATION  DURING  LOOPBACK 
USED  FOR  INITIAL  ACQUISITION 
PREAMBLE  AND  UNIQUE  WORD 
DATA  BURST  - 256  MBPS 


PREAMBLE,  UNIQUE  WORDS,  AND  OVERHEAD 

Each  station  transmits  preambles  from  both  the  on-line  and  standby  site.  These  are  used  by  the  system  for  estimating 
phase.  Only  the  on-line  site  transmits  the  data. 

The  reference  station  transmits  the  network  plan  once  per  superframe.  This  is  more  often  than  necessary  but  it  is 
convenient.  The  network  plan  is  transmitted  with  a rate  7/8  EEC  to  improve  delivery  probability  and  a 32  bit  CRC 
to  detect  errors.  Ten  kbps  are  transmitted  in  each  beam.  Diversify  switchover  control  is  transferred  at  100  bps  with 
considerable  redundancy  protection. 

Bit  error  rate  summary  information  is  transmitted  to  the  reference  station  at  2000  bps  because  it  is  the  lowest  rate 
conveniently  available.  This  is  the  total  number  of  UW  bits  in  error  of  each  burst  received  by  the  station  over  the 
previous  second. 

The  voice  orderwire  forms  a pasrfy  line  among  the  sites.  The  audio  is  summed  in  analog  form  at  each  station. 


PREAMBLE,  UNIQUE  WORDS  AND  OVERHEAD 


FROM  REFERENCE 
STATION 


TO  REFERENCE 
STATION 


CARRIER  AND 
BftT  TIMING 
RECOVERY 


CARRIER  AND 
BIT  TIMING 
RECOVERY 


VOICE 

UW  ORDERWIRE 


75  SYMBOLS 

12 

16 

75 

12 

4 

16 

DATA 


NETWORK 
PLAN  AND 
DIVERSITY 
CONTROL 


UW 


VOICE 

ORDERWIRiE 


75 

12 

1 

75 

12 

1 

QD 

DATA 


BER 

SUMMARY 


FROM /TO  OTHER 
SITES 


CARRIER  AND 
BIT  TIMING 
RECOVERY 

UW 

VOICE 

ORDERWIR'E 

75 

12 

16 

75 

12  1 

16  j 

DATA 


FIRST  BURST  IS  ALWAYS 
FROM  STANDBY  SITE 


SECOND  BURST  INCLUDES 
DATA  AND  IS  TRANSMITTED 
BY  ON-LINE  SITE 
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BUIX  ENCRYPTION 


-* 

An  option  for  bulk  encryption  of  all  trunking  channels  is  provided  to  protect  against  threats  to  the  entire  network.  All 
stations  share  the  same  key  and  key  passing  may  be  done  using  a public  key  system. 

Encryption  is  performed  by  DES  engines  which  run  at  up  to  10  Mbps.  The  organization  shown  above  operates  32  de- 
vices m parallel  so  each  individual  device  runs  at  8 Mbps.  Encrypted  data  is  placed  on  the  TDM  bus. 


BULK  DECRYPTION 


The  inverse  operation  to  the  encryption  operation  is  performed  on  the  downlink  side  ty  the  bulk  deciypter.  The  same 

chip  set  is  utilized  in  the  same  configuration  as  for  the  uplink  encrypter. 


BULK  DECRYPTION 


FROM 

DEFORMATTER 


TDM  DATA  BUS 


TDM  DATA  BUS 


TO 

DEMUX 


DECRYPTION 

TIMING 

GENERATOR 


FORIVIATTER 


The  formatter  is  bus  organized  with  station  timing  controlling  access  to  the  bus. 
by  a 19  bit  PN  sequence  and  placed  on  the  bus  after  the  on-line  station  preamble, 
passed  to  the  standby  modulator. 


Data  from  the  enciypter  is  scrambled 
The  standby  preamble  is  the  only  data 


The  reference  station  provides  digital  satellite  switch  synchronization  patterns  as  needed  as  well  as  diversity  control 
and  network  plan  information. 

FiUer  and  start  of  message  (SOM)  is  Inserted  in  the  data  to  permit  the  modulator  to  properly  modulate  data  conung  out 

of  the  fiber  or  fixed  delay  buffer. 


PARALLEL 
TO  SERIAL 
CONVERT 


TDM 
BUS  TO 
FIXED  DELAY 
BUFFER 


SERIAL  DATA 
TO  FIBER 
OPTICS 


DEFORMATTER 


word  tadS^ted  to  differential  deoodirg  the  unique 

al^^a^^aJS^^^tid  ““e‘’^SS“r  “« 

bus.  ^^"®^®®''^^bIedandou^utfromtfaedeforinatter  ottaTDM 


UBER  OPTICS 


Present  teetaology  Is  capable  of  gigabit  data  rates  in  the  fiber.  A 256  Mbps  linkmthout  repeaters  over  a 10  km  distance 
is  well  withiii  today's  c^abilities  if  graded  index  fibers  are  used. 

Biphase  (Manchester)  encoding  wiU  be  used  to  permit  easy  clock  recovery.  FiU  data  will  be  used  during  dead  time. 


from  formatter 


TO  DEFORMATTER 


BER  OPTICS 


M 


UVSER 


FRC^ 

ACQUISITION 

MULTIPiEKER 


■ > 


FIXED  DELAY  LINE 


The  fixed  delay  line  is  a 16  Ic  bit  ECL  EAM  organized  as  a shift  register.  During  each  cycle  of  the  meiner,*'.  j,  word  is 
read  from  a location  and  another  word  is  written  into  that  same  location.  A module  N counter  cycles  througl'  addresses 
so  that  there  are  N cycles  between  writing  and  reading  a particular  word.  N is  set  at  system  installation.  Assuming 
propagation  at  two-thirds  the  speed  of  light  there  are  80  buffer  words  needsd  to  compensate  for  1 irm  of  fiber. 


I 


TIMING  GENERATOR  AND  BURST  SYNCHRONIZER 


REFERENCE 

UNIQUE 

WORD 


SATFJ.T.TTR  SWrCGH  SYNCHRONIZATION 


Employed  by  reference  station  to  acquiro  SS  syachronizatiQn 

Reference  station  transmits  straddling  vector  (digital  Wt  pattern)  at  &U  power 

This  pattern  is  seen  in  downlink  until  S/C  leaves  loopback  mode 

Over  several  iterations  the  switching  time  may  be  determined  to  within  one  symbol  period 
This  all  digital  technique  is  preferred  in  this  digital  system. 


SATELLITE  SWITCH  SYNCHRONIZATION 


TRUNKING  STATION  EQUIPMENT  LIST 


I P 

h% 

Kf 


RF/IF 

EQUIPMENT 


(2)  ANTENNAS 


(2)  HPA  (200W) 


(2)  LNA  (500°) 


(2)  FREQUENCY  CONVERTERS 


(2)  MISCELLANEOUS  RF/IF 


TRUNKING 

STATION 


BASEBAND 

EQUIPMENT 


MISCELLANEGUS 

EQUIPMENT 


DIVERSITY  LINK 


RACKS  6 PATCHES 


MODEMS 


(POWER  S DISTRIBUTION) 


CABLE 


OPERATOR  INTERFACE 


(2)  BURST  MODEMS 


VOICE  COMMUNICATION 


FORMATTER /DEFORMATTER 


(ENVIRONMENTAL  CONTROL) 


SYNCHRONIZER 


(SHELTER) 


CONTROLLER 


SPARE  PARTS 


CRYPTO 


TERRESTRIAL  INTERFACE  MODULE 


DELAY  COMPENSATION 


CPS  SYSTEM  DESIGN  APPROACH 


9^n  must  ^erate  with  the  scanning  beam  antenna  by  providing  27.5  or  110  Mbps  data  rates  on  uplink  and 

220Mbpson^dwwilink.  The  design  goals  are  to  achieve  15  dB  uplink  and  6 dB  downlink  margin  !y  usiK  Led  power 

mar^ns  and  EEC  ^ersity.  The  27.  5 Mbps  station  will  use  a 3 meter  antenna  and  the  110  Mbps  station  wHl  use  a 
me  r antenna.  The  xow  rate  and  high  rate  CPS  stations  are  designed  in  a modular  fashion  to  increase  commonali^ 
and  mmimise  cost  The  ^egate  rate  mode  uses  the  downlink  coherence  to  provide  excellent  performance.  Besoices 
are  managed  in  a heirarcMcal  fashion  to  minimize  overhead. 

The  prima^  goal  of  the  CPS  demonstration  is  to  prove  that  the  scanning  beam  can  be  used  effectively  in  a CPS  environ- 

CPS  subsystem  poses  a problem  since  a completely  flexible  control  system  may 
^ cost  pro^itive  and  a simiOe  system  may  not  effectively  prove  the  concept.  Much  work  must  also  be  done  in  lowering 
the  cost  of  the  modem  and  IF/BF  components.  ue  uone  m iowenng 


CPS  SYSTEM  DESIGN  APPROACH 


FUNCTJONAL 

REQUIREMENTS 


OPERATE  WITH  SCANNING  BEAM 


• 27.5  OR  no  Mb/s  UPLINKS 


220  MB/S  DOWNLINK 


• 15  dB  UPLINK,  6 dB  DOWNLINK 


FADE  MARGIN 


DYNAMIC  RESOURCE  MANAGEMENT 


LOW  COST 


FEATURES  AND 
CHARACTERISTICS 


• USE  BBP  SYNCHRONIZATION  ERROR 


MEASUREMENTS 


• 3 OR  5 METER  ANTENNAS  (27.5  OR  110  MBPS) 


m AGGREGATE  RATE  DEMODULATOR  (TO  MINIMIZE 
HIGH  SPEED  LOGIC  REQUIREMENTS) 


• SENSITIVE  FADE  SENSING  AND  ADAPTIVE  FEC 


• DOWNLINK  COHERENCE  SIMPLIFIES  DESIGN 
(OPTION  FOR  PILOT) 

• HEIRARCHICAL  CONTROL  STRUCTURE 


• MODULAR  DESIGN,  MINIMUM  CONTROL 

COMPLEXITY  FOR  EITHER  27.5  OR  110  MBPS 
OPERATION 


OPTIONAL  CRYPTO 


64KBPS  PCM  VOICE 


TWO  LEVEL  RESOURCE  MANAGEMENT;  MCC  FOR 


FRAME  ALLOCATION  AND  ADAPTIVE  FEC  AND 


STATION  TO  STATION  FOR  CALL  SET  UP 


mm  MuMni  'iiiiti)  r7>-r‘iai^*^[rirri  la, 


CPS  BASEBAND  DIAGRAM 


ifp^virdwTSSa^oird^r^^Sa  ddapu^  PBC  .rate  1/2  coavcluBonal  ceding,.  The  loUowingpn-- 
meters  summarize  performance; 


Uplink 


Data  Bui^t  Rates 


27.5  mbps  (sm^) 
110  mbps  (medium) 


Downlink 
220  mbps 


Clear  Sty  IVfargiA 

Fade  limits 

(with  rate  1/2  coding) 

tynchronization 

Aggregate  Throughput 


7 dB©  28.75  GHz 
15  dB 


4 dB  @ 18.95  GHz 
12  dB 


Loop  closure  Ihrou^  BBP  Lock  to  reference  markers 


T1  (small 
4 T1  (medium# 


Basic  Traffic  Unit 
Frame  Duration 
Voice  Gall  Management 
Crypto  Provisions 


64  kbps 
1 millisecond 
Within  MGG  allocations 
DES 


, x_  « • rpQ  ofaHnn  involve  transfer  and  buffering  of  incoming  data,  optional  encryption  for  privacy. 

The  essential  liinctions  m the  CPS  stathm  rain  Ming,  and  conversion  of  the  digital  stream 

coding  for  forward  error  correction  on  an  as  req.  ^ ^ ^ ^ in  TPverse  order  on  the  downlink  Gon- 

Sol  S'^eLtlXTs  eut  it/  fl.e  siaiion  controUer  and  svm=hroniser. 


The  entire  station  is  designed  to  fimetion  ^ xe- 

s^n!^e  ^e^"  me^^  samples  from  .he  de™d»  at  tte  burst  rate  hut  limits 

further  processing  to  the  traffic  which  is  destined  to  the  Station. 
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CPS  BASEBAND  DIAGRAM 


ENCODER 


GPS  OPERATION  - NET  ENTRY 


trip  time. 

S".rss?,ss~2^-*-— 

proportional  to  the  station  s parallax  a^em  ^ staHonkeeping  the  i»arftmiTn  tangenUal  nnMrtainty 

srai“^'ir.:‘™"i^d 

slightly  different  times  must  be  sent  in  a trial  and  error  feshion  until  alignment  occors. 
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CPS  OPERATION  - NET  ENTRY 

0 NET  ENTRY  BASED  ON  TT6C  RANGE  AND 
GENERAL  POSITION  KNOWLEDGE 


SPHERE  OF 


A » R Sin  ot  <25  Sin7°  * 3kjn— ►'10  )j  sec 

for  conus  stations  and  containment 
sphere  of  25  km  radius 


ENTRY  SLOT 


• — ~~~  20  y sec  — — 

I 

TARGET  FOR 
ENTRY  BURST 

POSITION 
WITH  RESPECT  TO 
REFERENCE  BURST 
DEFINED  IN  NETWORK  PLAN 
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CPS  OPERATION  — SYNCHRONIZATION 


An  overview  of  the  activity  required  to  obtain  synchronization  is  shown  in  flow  chart  form  on  the  facing  page.  The  use 
of  a terrestrial  connection  to  obtain  entry  permission  and  rou^  range  from  the  MCC  has  been  postulated.  (A  terrestrial 
interconnect  appears  to  be  desireable  for  otber  purposes  as  well  as  initial  entry. ) 

Prior  to  imtiating  an  entry  burst,  the  CPS  station  must  afjquire  downlink  synchronization  by  identifying  the  reference 
btosts.  Once  the  station  has  locked  to  the  downlink  and  is  in  possession  of  the  rough  range  from  itself  to  the  gafolUte 
It  cm  begin  the  uplink  synchronization  process  as  described  for  the  proceeding  sUde.  Once  locked  to  the  uplink,  the 
station  can  communicate  with  the  MCC  via  the  sateUite  to  obtain  bandwidth  aUocation  for  normal  transmission. 

Routine  maintenance  of  synctoo^ation  requires  that  the  station  continue  to  monitor  the  downlink  to  imainfaiT'  lock  with 

the  reference  burst  and,  periodically,  that  it  receives  timing  error  information  from  the  BBP  so  that  it  can  correct  its 
uplink  timing  for  satellite  motion. 

hi  the  event  that  synchronization  appears  to  be  lost  for  any  reason,  the  station  is  required  to  cease  transmission  and 
to  advise  the  MCC  that  it  is  no  longer  in  the  network. 
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STATUS 


CPS  OPERATION  - SYNCHRONIZATION 


OUT  OF  NET 


STN  READY  TO  JOIN 


REQUEST  SCAN  DWELL  6 20U 
SECOND  ENTRY  SLOT  ' 


DDD  ^ MCC  RECONFIGURES 

DDD  NETWORK  CONFIRMS, 
“ SENDS  ROUGH  RANGE 


JOINING,  NO  SYNC 
RANGE  TO  ±10  Msec 


MOVING  WINDOW  SEARCH 
TO  LOCATE  REF  BURSTS 


JOINING,  DOWNLINK 
LOCK 


LOCATE  ENTRY  SLOT 
FROM  NETWORK  PLAN 


JOINING,  BURST  PROBES 


TARGET  ENTRY  BURST 
IN  MIDDLE  OF  ENTRY  SLOT 


WAIT  FOR  CORRECTION 
FROM  BBP.IN  LIMITS? 


NO  : 

ADJUST 


IN  SYNC 


IN  NETWORK 


INFORM  MCC  VIA  ORDERWIRE  & 
REQUEST  INITIAL  TRAFFIC  BW 


BEGIN  TRAFFIC  FLOW  6 
MAINTAIN  SYNC 


NETWORK 

PLAN 


MCC  DELETES 
ENTRY  SLOT, 
GRANTS  TRAFFI 
BW  e RECON- 
FIGURES 


FAILURE/FADE /POWER  DOWN 


STOP  TRANSMISSION  6 
ADVISE  MCC 


DDD 


MCC  LOGS 
STN  OUT 
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CPS  OPERATION  - FADE  REACTION 


STATUS 

UNFADED/UNCODED 


FADED /UNCODED 


NET  PLAN 


MCC  ESTABLISHES 
RECONFICURATION 
FOR  CODING 


FADED /CODED 


UNFADED /CODED 


OFF  NET 


MCC  LOGS 
STATION  OUT 


CPS  OPERATION  - FADE  THRESHOLD 

The  facing  illustration  is  intended  to  elarifv  fiio  ^ 

that  some  measure  of  downlink  channel  quaUty  is  deriwd  m the  ^ proceeding  page.  It  is  assumed 

^ormance  criterion  on  which  to  base  coding  switch  in  switch  out  i station  controUer  has  a per- 

ormance  index  is  the  relative  frequency  of  occurrence  of  the  soffdeSstoii  implementable  per- 

do^^Se*“4S  ol  on  relr^z  ^ “«««==  tte  measurable  quality  of  the 

aensitl^  do^b*  performance  measure  is  «■*  -Pecial  ^ntion^L^ 

assumed  in  the  diagram.  • simplicity  a simple  2 to  1 fading  ratio  has  been 
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CPS  OPERATION  - FADE  THRESHOLDS 
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UPLINK 


-3  dB 
-5  dB 
-7  dB 


DOWNLINK 

— — — CLEAR  SKY 


/ 

/ 


-1.5  dB  SWITCH  OUT  THRESHOLD 
-2.5  dB  SWITCH  IN  THRESHOLD 


LIMIT  OF  UPLINK  RF  THRESHOLD 


I— 


-7 


7.5  OFF  NET  THRESHOLD 


-15  dB 


LIMIT  OF  UPLINK  WITH  CODING 


o S/N  DETERMINED  BY  FREQUENCY  OF  SOFT  DECISION 
BITS  FROM  DEMODULATOR 

o 2 TO  1 FADING  RATIO  ASSUMED  AT  30/20  GHz, 
RESPECTIVELY 


CPS  OPERATION  — RESOURCE  ALLOCATION 


mm 


Control  of  the  switching  of  traffic  in  the  CPS  network  represents  a challenge.  In  Uiis  and  die  following  figure  a 
preliminary  approach  to  the  problem  is  exhibited.  The  facing  figure  is  intended  primarily  to  clarify  the  terms  used. 
The  essence  of  the  activify  is  to  be  able  to  connect  an  originating  call  on  the  user  interface  ’’inlink”  to  the  intended 
recipient  at  some  other  CPS  station’  s ’’outlink”.  The  connection  is  made  through  the  satellite,  with  time  slot  switching 
performed  by  the  BBP  to  cross  connect  tplink  and  downlink.  A similar  cross  connect  function  between  inlirdc  and 
tg>link  (or  downlink  and  outlink)  is  performed  by  flie  DAMA  processor  in  the  CPS  station.  All  connections  have  been 
treated  as  full  duplex. 

To  avoid  excessive  intermediation  by  the  MCC,  it  is  recommended  that  capacity  between  user  pairs  be  preallocated 
by  the  MCC- 
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CPS  OPERATION  - RESOURCE  ALLOCATION 


ALL  SATELLITE  ACTIVITY  ON 
SLOTS  BETWEEN  A AND  B 
PREALLOCATED  BY  MCC 


CPS  OPERATION  — VOICE  CHANNEL  MANAGEMENT 


diagram  is  keyed  to  topology  of  the  previoais  block  diagram  and  iUustrates  some  of  the 
s ps  which  occur  m the  setup  of  a voice  bandwidth  connection  between  two  users  who  interface  CPS  stations. 


v’Si'e  ““Id  be  data  as  weU  as 


medium  for'short  rangrbactta^”"  interconnect  provides  a convenient 
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CPS  OPERATION  - VOICE  CHANNEL  MANAGEMENT 


STATION  A 


STATION  8 


DOWNLINK 


DOWNLINK 


CALLING  DATA 
RECEIVED 


SEIZE  AND 
ROUTE 


O I DISCONNECT  [ O 


REUEASE 


CPS  MODULATION/DEMODUIJVTION 


Significant  cost  savings  can  be  achieved  in  CPS  station  hardware  by  the  aggregate  rate  approach.  Bata  enc^ptlon  and 
encoding  as  well  as  terrestrial  interfacing  work  at  the  aggregate  rather  than  burst  rate. 

• 27.  5 Mbps  (13.75  Msps)  or  110  Mbps  ^5  Msps)  burst  modulators 

• 220  Mtps  burst  demodulators 

• Demodulators  function  at  aggregate  station  rate  (modularized  to  units  of  1536  H^>s  aggregate  Quriput) 

• Provision  for  operating  with  stable  station  clock  (10  ppb)  or  recovered  pilot 

• ^^fodulator  includes  burst  rate  memory  and  preamble  inserti<M3 

• Demodulator  includes  burst  rate  front  end  (including  memory).  Other  processing,  including  unique  word 
alignment,  proceed  at  lower  ag^egate  rate 

• I'iltered  non-eonstant  envelope  QPSK  recommended 

• IF  frequency  1,  0 GHz 


AAODULATION/DEMODULATION  CPS 

(AGGREGATE  RATE  MODULATOR  BLOCK  DIAGRAM) 


DATA 

mm  1 

AGGREGATE 

RATE 


TRANSMIT 
MaVIORY  uNmsi 
(RAM) 


WRITE  ADDRESS 
(AGGREGATE  RATE) 


READ 

ADDRESS 

(BURST 

RATE] 


BURST 

CONTROL 


PRAM£  lAUURA 

FROM  SYNCHRONIZER 

NOTES* 

TRAHSMIT  memory  UNtr  IS  «S6  BUS  (PROVIDES  FOR  AGBREGATE  UdlT  JS3S  BUS.  CDOH)  AT  BATE  113 
ACCESS  SPEED  <Si  NS. 

OTHER  LOGIC  DEIGNED  FOR  MEDIUM  SPEED  STATIONS  (M  MHz  CLOCK). 

FILTER  ASSEMBLY  (PLUG  IN)  OlFFERS  FOR  32  MBPS  & 128  MBPS  STATION15. 

TRANSMIT  MEMORY  UNITS  ADDED  (*  TOTAU  FOR  *^2*™*^ 

^DED  AT  ANY  STATION  TO  INCREASE  MAXIMUM  AGGREGATE  RATE 


CPS  MODIJIATION/DEMODULATION 
(AGGREGATE  RATE  DEMODULATOR) 


Initial  symbol  timing  is  obtained  by  varying  the  phase  of  the  symbol!  clock  until  minimum  enei^^  appears  in  the 
quantizer  samples.  A phase  change  of  180*  puts  the  matched  filter  sampling  near  the  correctpoint,  Tkiupnlinlr 
pre^ble  is  then  aaiuired  by  a moving  window  search,  Tbe  statioE!  synchronizer  then  provides  irame  ^tes  to 
enable  capture  of  the  correct  sanaples  in  I&Q  memorj’'  for  subsequent  processing. 


CPS  MODULATION/DEMODUWTION  (AGGREGATE 
RATE  DEMODULATOR  BLOCK  DIAGRAM) 
(STABLE  CLOCK  OPTION) 


CPS  MODDLATOR/DEMODUIATOB  (AGGREGATE  HATE  DEMODULATOR  PHASE  ESmiAHOJJ) 


>*8Sregate  rate  detemines  the  ■tIoud-pesiUoas  in 

reference  ~ wordthe  proper  frame  of 

eetunate  te  made  in  the  pr  “reoXrGctdTu 


CPS  MODULATION/DEMODULATION 
(AGGREGATE  RATE  DEMODULATOR  PHASE 
ESTI/VIATIONI 


• SOLID  FRAME  - INITIAL  FRAME  OF  REFERENCE. 

• DASH  FRAME  - ''DESIRED"  FRAME  OF  REFERENCE. 

• NOISE  CAUSES  CIRCULAR  CLOUD  STRUCTURE. 

• FREQUENCY  OFFSET  ELONGATES  CLOUDS. 
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QUANTIZER  SAMPLES  FROM  I & Q ARE  PLOHED  AS  PAIRS 


GPS  CODING  FEATURES  (DOWNLINK) 


CPS  coding  features  include: 

. sensedbyde^^lulato.  andpassedt.  station  ccotrol. 

, Ee<jiest  for  ceding  setup/cleardown  made  niaorderwire  to  MCC. 

. w.enc<^gre.estgrantedi,yMCC.c^g.Mtiateddystationoont^^^^ 

. Convolutional  code  rate  1/2,  constraint  length  TBD. 

. Viterbi  decoder  runs  at  aggregate  rate  (2  Mbps  for  small  stations,  10  Mbps  for  medmm  stations). 
. 3-bit  soft  decision  output  from  aggregate  rate  demodulator. 

• Each  burst  is  tailed  off. 
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CPS  CODING  FEATURES  (UPLINK) 


CPS  coding  features  include: 

• GrjT)to  provisions  (keyed  by  user  community) 

• Crypto  synchronized  on  a frame  basis  and 


runs  at  rate  suitable  for  user  community's  composite  traffic 


* Sf - UgKor  commm,it(r  rates 


may  require  parallel  crypto 


• Crypto  initial  values  disseminated  by  MCC  on  network-wide  basis. 


CPS  CODING  FEATURES  (UPLINK  BLOCK  DIAGRAM) 


TIMING  BUS  > 
FROM 

SYNCHRONIZER' 


ENCODER 

ADVANCE^ 

RESET 

TIMING 

TAIL 

CONVOLUTIONAL 

ENCODER 


CODING 

IN/OUT 


AGGREGATE  RATE 
BUS  FROM  OAMA 
USER  INTERFACE 

(DATA  PASSED 
IN  8 BYTE 
PACKAGES) 

64  TOTAL 


EXCLUSIVE 

OR 


I 

t-f 


XEYSTREAM 

BUI7ER 


ADVANCE 


SUPERFRAMES 


KEY 


CRYPTO 

ENGINE 

(DES) 


CODBI 

SWITCH 


FEEDBACK 

CONTROL 


AGGREGATE  RATE 
DATA  BUS  TO 
BURST  MEMORY 
IN  MODULATOR 
(16  BYTE  PACKAGES 


■ mam  ima  mm  m 

T 

PLUS  RNAL  TAIL) 

CRYPTO 

A TIMING  1 

TIMING 

( BUS  FROM  1^ 

^ SYNCHRONIZER  

1 

^OPTIONAL 

1 

nrS  FROM 

STATION 

CONTROLLBI 


PROVISIONS 


NOTE;  HATE  OF  CRYPTO  ENGINE 
DEPENDS  ON  TOTAL  USB! 
COMMUNITY  RATE.  PARAlia 
ENGINES  MAY  BE  NEEOH}  FOR 
MHHUM  STATIONS. 


CPS  USER  INTERFACES/DAMA. 


CPS  user  interface/DAMA  features  include: 

• Provides  for  voice  call  setup/teardown  to  destination  witMn  user  community  without  MCC  intervention 

• Requests  frame  aUocation  changes  from  MCC  (via  station  controUer)  as  voice  caR  loading  varies 

• Requests  foame  allocation  changes  from  MCC  for  video  conferencing  settp  and,  cleardown 

• Acts  as  digital  switch  between  TDMA  frame  and  terrestrial  T1 

• InterfacelsTl  (channel  bank  with  buffers  may  be  needed  by  customer) 

• Minimum  traffic  unit  is  64  Idps 

• CPS  users  form  closed  community. 


CPS  SYSTEM  ISSUES  - FALLBACK  MODE  FOR  BBP  FAILURE 


• UPLINK  6 DOWNLINK  RATES  DIFFER 


9 FREQUENCY  MULTIPLEXING  IN  UPLINKS 
• BBP  CLOSES  SYNCHRONIZATION  LOOP 


DEMODULATION  RATES  MUST  BE  CHANGED: 
27,5  MB/S  ONLY 

DOWNLINK  L-O.s  MUST  BE  CHANCED 


I 

I 


PROVISION  FOR  SENSING  LOOPBACK  OF 
RANGING  BURSTS  NEEDED 


• BBP  PROVIDES  REFERENCE  BURSTS 


• REFERENCE  BURST  GENERATION  BY  MCC 
INTO  EACH  SCAN  DWELL  IN  EACH  BEAM 


• TDM  DOWNLINK  BECOMES  TDMA 


• ORDERWIRE  AND  NETWORK  PLAN 
DISTRIBUTION 


DEMODULATOR  CAN  NO  LONGER  EXPLOIT 
DOWNLINK  COHERENCE.  FADE  REACTION 
STRATEGY  MUST  BE  REVISED. 

MCC  MUST  BE  CROSS  CONNECTED  TO  EACH 
SCAN  DWELL  IN  EACH  BEAM. 


• COMPOSITE  PATH 


• LOSS  OF  REGENERATION  AT  SATELLITE 

RESULTS  IN  POORER  END-TO-END  PERFORMANCE. 


RECOMMENDATION:  BACKUP  BASEBAND  EQUIPMENT  FOR  27.5  MBPS  SS  TDMA 
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to  share  common  equipment  such  as  antennas,  HPA*s,  liNA’s,  converters. 
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CPS  STATION  EQUIPMENT  LIST 


CPS 

GROUND 

STATION 


R 

F 

I — 1 

BASEBAND 
EQUIPMENT 
1 — ■ 

miscellaneous 

equipment 

1 EQUlrlVlfciN  1 

U ANTENNA  3M  (5M) 


HPA  20  WATTS  (30  WATTS) 
LNA  Tsys  =28.4  dB 
FREQUENCY  CONVERTER 


I-  aggregate  RATE  MODULATOR 

t COMMON 

FILTERS  27.5  MB/S  (110  MB/S) 


j-  AGGREGATE  RATE  DEMODULATOR 
-COMMON 

-PROCESSORS  1 (4) 

— CODEC  2 MB/S  (10  MB/S) 

— CONTROLLER 

— SYNCHRONIZER 

— dam  A USER  INTERFACE 
|-  COMMON 
LtIM(S)  1 (4) 


(SHELTER) 


|-  (POWER  S DISTRIBUTION) 
OPERATOR  INTERFACE 

— PERFORMANCE  MONITOR 

- (ENVIRONMENTAL  CONTROL) 
_ SPARE  PARTS 


NOTE:  Category  A S B stations  have  same 


L.  CRYPTO 

equipment  lists  except  where  noted  perenthelicalty  for  B stations. 


IvlASTER  CONTROL  CENTER 


The  central  control  station  (GGS)  computer  wiU  run  either  the  trunking  program  or  the  GPS  trunking  as  sheeted 
at  load  time. 

The  CCS  receives  BER  summary  data  from  the  tronldng  station  deformatter  and  sends  network  plan  aM  diversity 
control  to  the  formatter.  The  trunking  voice  orderwire  is  used  to  request  changes  in  resource  allocations.  The 
MGC  operator  manually  keys  these  entries  into  the  CCS  computer. 

CPS  control  Tvill  be  more  automated.  In-band  signaling  is  provided  to  control  resource  allocation.  The  CPS  require- 
ment "Will  determine  the  size  of  the  computer  needed. 

The  CCS  also  interfeces  with  the  TT&C  channel  to  the  spaceeratt.  BBP,  scanner  and  IF  switching  are  controlled 
via  this  interface.  Also  spacecraft  switch  and  safety  are  monitored  here.  Ranging  data  may  be  acquired  from  TT&G 
or  an  alternate  source  may  be  needed. 


BBP  CONTROL 


IF  SWITCH  CONTROL 


STATUS 


MASTER  CONTROL.  CENTER  REQUIREMENTS  AND  FEATURES 


Cle^etad  reference  traaMng 

dlvereltsf  control  information  to  the  trunldng  networ^Md  also  c^nMs  networkplan  and 

beam  scanning  via  a TT&C  link.  ^ ^trols  file  baseband  processor  IF  switching  and 

The  CPS  station  tvill  have  a high  rate  capabiUty  since  the  control  crderwire  is  in  the  CPS  transmission 
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MASTER  CONTROL  CENTER  REQUIREMENTS  & FEATURES 


K BAND 

3 


Ka-BAND 


BASEBAND 


TRUNKING 

BASEBAND 


/ FIBER  > 
OPTIC  LINK 


TRUNKING 

RF/IF 


TRUNKING 

MODEM 


• REFERENCE  TRUNKING  SITE  WITH  DIVERSITY  (CLEVELAND) 

• CPS  OPERATION  AND  FEATURES  LIMITED  TO  EXPERIMENTAL  NEEDS  IN  ORDER 
TO  MINIMIZE  MCC  COST 

• 110  MB/S  CPS  STATION 

• MASTER  CONTROL  CENTER  IS  NON  REDUNDANT 

• see  NOT  SHOWN 

• CPS  AND  TRUNKING  SERVICE  NOT  SIMULTANEOUS 

• TRUNKING  RESPONSE  ALLOCATION  VIA  OPERATOR  ENTRY  (e.g.  MANUAL) 


MCC  TRUNKING  FUNCTIONS 
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I 


TRUNKING 

REFERENCE 


OPERATOR 

CONSOLE 
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MCC  CPS  FUNCTIONS 


In-band  signaling  will  be  delivered  to  the  CCS  computer  from  the  CPS  baseband  equipment.  The  decodeduser  entry 
requests  are  evaluated  by  the  BBP  switching  coordination  process . When  a new  CPS  plan  is  formulated  the  users  zre 
permitted  entry  according  to  the  new  plan.  This  activity  is  coordinated  with  the  scanner  movement  control.  This 
processing  is  the  bulk  of  the  load  on  the  GPS  processor  . 

Other  facilities  include  converting  externally  derived  range  data  into  station-by-station  range  data  to  control  system 
timing,  processing  received  TT&C  telemetry,  and  general  formsitting  and  presentation  functions. 

additional  function  which  will  be  included  in  the  final  demonstration  configuration  is  control  of  the  BBP  and  scaimer 
the  Cleveland  trunking  beam.  (The  spacecraft  block  diagram  only  permits  this  control  in  the  Cleveland  beam.) 
en  the  control  functions  are  better  defined  these  features  will  be  incorporated. 
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MASTER  CONTROL  CENTER  EQUIPMENT  LIST 


The  equipment  list  at  the  right  assumes  a NASA-provided  building  with  environmental  control  and  power.  Communications 
also  is  provided  to  the  SCC  at  GSFC.  A substantial  portion  of  the  MCC  complexity  is  due  to  the  software  for  the  BBP 
wbicb  includes  not  only  operational  control  and  reconfiguration  capability  but  also  BBP  diagnostics.  Note  that  fail  BBP  re- 
configuration will  require  a special  link  from  tiie  MCC  to  the  satellite  using  either  the  trunking  or  CPS  earth  station.  Slow 
reconfiguration  and  basic  control  is  also  provided  at  the  SCC  via  T&C. 
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ANTEi^TA  costs 


Based  on  actual  figures  for  4/6  and  ll/ra  nwr-  « * 

are  TX/HX  systems  and  manual  imaltiontagta  assuTeV^^^S^^^^^T'^  20/30  GHa  antennas.  Ihese 

of  the  larger  antenna  systems.  All  costs  ie  in  1981  ^ autotrack  capabiHty  will  greatly  increase  the  nncf 

^mnna  surface  tolerance  becomemS  topTrSt  ?"=  °f  «0  or  more!^  ^sel^c^ 

Stretch  formed  panels,  plastic  mold  and  lathe  tumina  fer  tL  manufacturing  techniques  being  ccmsidered  are 

cost,  rapid  installation.  puramre  cnanges.  Tlese  factors  must  be  coujded  Mth  the  need  for  Iot 
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FREQUENCY  CONVERTER 


The  block  diagram  represents  a typical  frequency  converter  desi|pi^  A thorough  intermodulation  product  analysis  was 
performed  to  demonstrate  feasibility.  The  1. 0 GHz  IF  selection  iivas  arbitrary  and  may  not  be  the  best  choice  for  the 
final  system  design,  A single  design  for  all  stations  is  desirable  for  reducing  system  costs.  This  requires  an 
adjustable  or  selectable  upconverter  L,  O,  for  the  CPS  A&B  type  stations,  bitermod  analysis  shows  that  a single 
integrated  imit  is  feasible  for  the  converter.  Design  concepts  are: 

• Dual  conversion 

• Sharing  of  common  LO*s  for  both  up  and  down  conversion 

- 4900  ik!Hz  fixed  frequency  LO 

- 21600  to  24100  MHz  adjustable  DO 

• Use  of  stripline  technology 

• Downconverter 

- 17. 7 to  20. 2 GHz  input  operating  range 

- Nominal  1 GHz  IF  frequency 

- 300  MHz  useable  bandwidth 

• Upcon\erter 

“ Nominal  1 GHz  IF  frequency 

- 27,5  to  30.0  GHz  output  frequency  range 

« 300  MHz  useable  bandwidth 

• Sability  10  kHz/month 

• Low  cost  stvipline  technology  (extension  of  sfois  of  the  art) 


PERFORMANCE  OF  RECEIVER 
(GaAs  FET  LNA  DESIGN  OBJECTIVES) 


The  desired  noise  temperature  of  300‘TC  is  not  achievable  with  current  devices  unless  cooling  to  -77®C  is  used.  Today's 
GaAs  FET  technology  will  produce  440TC  LNAs.  Ri  order  to  minimize  the  effects  of  converter  noise  the  ENA  should 
provide  at  least  40  dB  gain.  Operating  bandwidth  is  2500  MHz.  Ijow  cost  Is  again  a major  design  criteria. 

The  table  below  and  the  performance  chart  at  right  show  that  image  enhanced  mixers  and  FET  amplifiers  are  the  best 
all  around  technology  for  low  cost  ENA's. 


Comparison  of  Receiver  Front-End  Approaches 


Type 

Predicted  (1984) 
Receiver  Noi% 
Temf^’ature 

Predicted  (1990) 
Unit  Cost 

Predicted 
Development 
Cost  (84-86) 

MTBF 

Broadband  Mixer  Plus  Low-Noise 
IF  Amp 

1000K 

$ 1-5K 

0 

High 

2.  Image-enhanced  Mixer  Plus  Low- 
Noise  IF  Amp 

550K 

2.5K 

0 

High 

3.  Cryogenically  Cooled  image-enhanced 
Mixer  Plus  Low-Noise  IF  Amp 

70K 

12.  K 

$100K 

Low 

4.  Uncooled  Paramp 

190K 

9.  K 

50K 

Moderate 

5.  Thermoelectricaily  Cooled  Paramp 

85K 

12.  K 

75K 

Moderate 

6.  Cryogenically  Cooled  Paramp 

35K 

18.  K 

100K 

Low 

7,  FET  Amplifier 

300K 

1BK 

50K 

High 

8.  Cryogenically  Cooled  FET 

77K 

7.5K 

50K 

Low 

Gaas  FET  HPA 


Teolmology  predictions  indicate  that  the  QaAs  FET  amplifier  will  not  provide  the  necessary  power  output  at  30  GHz  in 
the  1985  time  frame.  Other  devices  must  be  used. 
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HPA-TWT  CURRENT  STATE  OF  THE  ART 


I 

Helix  development  efforts  above  30  GHz  were  initiated  less  tban,  5 years  ago.  A helix  TWT  can  only  support  tens  of  watts  of  | 
RF  power  due  to  inefficient  heat  removal  from  the  helix  structure;  however,  hi^er  power  levels  could  be  achieved  with 
more  development  effort. 

Coupled  cavity  TWT*s  predominantly  used  at  frequencies  in  30  to  100  GHz  range.  These  tubes  provide  hundreds  of 
watts  of  RF  power  due  to  efficient  heat  removal.  Fabrication  of  high  precision  parts  is  a significant  cost  driver  for  both 
types. 


OUTPUT  FOWER  (WATTSI 


TWTA  COSTS 


Although  there  is  a dramatic  cost  decrease  anticipated  for  TWTAi*  these  devices  will  still  cost  tens  of  thousands  of 
dollars  in  the  1990  time  frame. 
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COST  (Dolbrs) 


TECHKOI^GGy  ASESSMENT  ^ RF/IF 

RF/IF 

• Low  cost  antenna  manufacturing  techniques  must  he  developeti  to  meet  tolerance,  stiSness  and  cost 
requirements 

• Development  of  a 200W  helix  TWTA  is  required 

• Stripline  24  GHz  L.  O.  for  frequency  converter  requires  one  year  development  effort 
CPS  Baseband 

, subslanUalportionsofdesignaretaseaoncurrenayavaIl2blleteotaology(e.g..  codecs,  crjptos,  oontroUer) 

• Aggregate  Rate  Demodulator 

- Operates  at  speeds  for  which  no  domesHo  technology  exists.  Deydopment  cycle  of  18  to  24  months 

estimated 

• DAMA  User  Interface 

- Hardware  similar  to  existing  digital  switches.  Firmware  development. 

Trunk  Baseband 

• SubstanSal  portions  of  design  are  based  on  currently  availaMe  technology 

• 256  AIl^s  burst  modem 

To  date  one  article  produced  by  TRW 

- NEC  has  also  built  one  article 

- Significant  development  needed 

Miscellaneous 

The  chart  at  the  right  lists  other  conq)onents  with  comments  on  the  state  of  technology. 
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TECHNOLOGY  ASSESSMENT  (Miscellaneous  Items) 


DESIGN- 

TECHNOLOGY  | 

DESCRIPTION 

ATOR 

MATURE 

CURRENT 

CRITICAL 

COMMENTS 

ISOLATOR,  18.95  GHz  * 

IS1 

X 

FERRODISC,  STANDARD  PRODUCT  LINE 

IS2 

BANDPASS  FILTER, 

FLI 

X 

CAN  ALLOW  LARGER  BANDWIDTH  AND 

18.95+  1.25  GHz 

USE  PRINTABLE  TECHNIQUE;  SHORTED 
STUB,  DIRECT  COUPLED.  3 SECTION  FIL- 
TER; USED  TO  SUPPRESS  NOISE  IN  IMAGE 
BAND;  DEVELOPMENT  REQUIRED 

MIXER,  Ka  BAND 

Ml 

X 

HAVE  DEVELOPED  SIMILAR  MIXER  FOR 

M4 

AIR  FORCE  APPLICATIONS 

AMPLIFIER,  CBAND 

AR1 

X 

DESIGN  EXISTS  AT  MAEC;  GaAs  FET  FIRST 

AR2 

STAGE  TO  KEEP  NOISE  FIGURE  DOWN 

AR5 

MIXER,  C-B  AND 

M2 

M3 

FL2 

X 

SMALLDEVELORWENT  EFFORT  REQUIRED 

FILTER,  C-BAND 

X 

MUST  BE  MACHINED  TO  HOLD  TOLER- 

FL3 

ANCE  DUE  TO  RELATIVELY  NARROW 

PASSBAND;  INTERDIGITAL,  3 SECTION; 
NEED  TO  HAVE  HIGH  REJECTION  AT 

IMAGE  BAND 

AMPLIFIER,  IF 

AR3 

X 

EXISTING  TECHNOLOGY,  VALID  DESIGN 

AR4 

TO  BE  USEFUL  OVER  DESIRED  PASSBAND 

ISOLATOR,  28.75  GHz 

IS3 

X 

FERRODISC,  STANDARD  PRODUCT  LINE 

IS4 

FILTER,  28.75  GHz 

FL4 

X 

WAVEGUIDE  SECTION;  ELECTRO-FORMED; 

IRIS  COUPLED;  REQUIRES  DEVELOPMENT; 
SIZE  WOULD  BE  SMALL  ENOUGH  TO  USE 

WITH  STRIPLINE 

AMPLIFIER,  2875  GHz 

ARG 

X 

GaAs  FET  REQUIRES  DEVELOPMENT; 
NEEDS  -(-10  dBm  1 dB  COMPRESSION  POINT; 
STATE-OF-ART  TECHNOLOGY 

POWER  DIVIDER 

PD1 

X 

STANDARD  PRODUCT  LINE  . 

PD2 

X 

ISOLATOR 

IS5,  IS6, 
IS7, IS8, 
IS9,  IS10, 

X 

FERRODISC,  STANDARD  PRODUCT  LINE 

LOCAL  OSCILLATOR^ 

L02 

X 

STANDARD  PRODUCT  LINE 

C-BAND 

LOCAL  OSCILLATOR, 

L01 

X 

DEVELOPMENT  EFFORT  REQUIRED  IN 

Ka-BAND 

ORDER  TO  ACHIEVE  LO  FREQUENCY 
STABILITY  AND  PHASE  NOISE 

breakdown  of  recurring  costs  — CPS  EARTH  STATION 


The  chart  at  the  ri^t  shows  a typical  CPS  earth  station  cost  allocatilon.  The  RF/IF  system  dominates;  this  coipled 
with  the  hasebtod  equipment  represents  70%  of  stafi^on  costs. 


BREAKDOWN  OF  RECURRING  COSTS  - CPS  EARTH  STATION 


SiTE 
1 8.8% 


RF/IF 

48.9% 


FACILITIES 

11.3% 


BASEBAND 

21.0% 
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BREAKDOWN  OF  RECURRING  COST 
TRUNK  EARTH  STATION  COMPLEX 


Prmciple  cost  factors  are  distributed  almost  equaUy  among  the  RF/IF,  baseband  and  diversity  links.  Total  cost 
while  uuportant  is  not  as  critical  as  for  CPS  because  of  the  large  station  capacity. 


FD2VIA.  OPTION 


In  this  option  one  or  several  FDMA  earth  stations  can  be  located  in  one  or  more  of  the  6 fixed  beam  areas  (4  simultaneously 
operate).  These  stations  commumcate  with  each  other  but  also  have  a common  signalling  channel  to  the  MGC  It  is 
planned  to  aUocate  channels  manually;  however,  automatic  system  response  to  rain  fades,  via  the  common  signalling 
channel  and  the  MGC  computer  is  believed  to  be  importont  to  demonstrate.  The  satellite  FD3VIA  routing  system  is 
described  in  the  satellite  conainunications  section^ 


FDMA  EXPERIMENT  - IF  SWITCH  VERSION  STATION  DIAGRAM 


GENERAL 

ELECTRIC 


MISSION  OPERATIONS  SYSTEM 


GENERAL 

ELECTRIC 


MISSION  OPERATIONS  SYSTEM 


• MCC  IN  CLEVELAND 

• S-BANDT&C  (GSFC) 

• MSOCC  LAUNCH  (GSFC) 

• STDN/NASCOM 


MISSION  OPERATIONS  SYSTEMS  AND  FUNCTIONS 


The  MOS  is  divided  intn  three  principle  activities;  Prelaunch  Planning,  Launch  Operations  and  Past  Launch  Operations, 
The  object  of  Prelaunch  Planning  is  to  develop  a launch  plan  for  both  the  sateUite-launch  vehicle  and  for  the  tracking  net- 
work considering  the  items  Usted  and  including  alternative  or  contingency  plans.  Launch  operations  include  all  the  steps 
necessary  to  launch  the  satellite  and  place  it  in  a synchronous  drift  orbit  considering  the  items  listed.  Launch  operafions 
involves  the  coordination  of  activities  at  GSFC,  ETR,  JFC,  and  STDN/NASCOH.  Once  the  sateUite  is  in  synchronous 
drift  orbit  within  view  of  GSFC  the  Post  Launch  Operations  begin,  considering  the  items  listed,  including  the  maintenmce 
of  the  correct  satellite  orbit,  attitude  and  health  and  coordination  with  the  MCC  on  satellite  status.  A Test  Plan  also  is 
included  to  determine  the  initial  satellite  performance  to  provide  a norm  for  subsequent  comparisons. 

A diagram  of  the  principle  facilities  is  given  at  the  right.  Prelaunclh,  Launch  and  Post  Launch  sateUite  activities  are 
basicaUy  conducted  by  NASA  at  GSFC  (MSOCQ  supported  by  the  NASA  LeRC  team  and  the  contractor  team  in  a manner 
to  other  synchronous  orbit  NASA  launches.  This  NASA  capabfli^  is  ejqpected  to  exist  indefinitely,  STDN  is 
used  to  track  the  satelUte  and  provide  ranging  and  T&C  functions  during  launch  and  also  serves  as  a backup  to  the  T&C 
station  used  in  Post  Launch  Operations.  This  S-band  T&C  station  is  avaUable  at  GSFC.  Also  avaUable  at  GSFC  is  a 
laige  computer  and  software  for  the  purposes  of  predicting  and  determining  both  orbit  and  attitude.  The  satellite  is 
launched  at  ETR  using  STS  under  the  jurisdiction  of  JFC.  It  is  projcsed  to  augment  MSOCG  during  the  Post  Launch 
period  by  a contractor  team  to  maintain  24  hour-a-day  sateUite  sun/eillance. 

The  MCC,  in  Cleveland,  is  operated  by  a joint  LeRC/Gontractor  testm  on  a forty  hour  a week  basis  to  control  and  conduct 
communications  experiments  and  tests.  T&C  information  and  voice  is  communicated  between  the  MCC  and  MSOCG  over 
terrestral  communications  links.  The  MCC  minicomputer  wiU  be  programmed  to  receive,  process  and  store  sateUite 
telemetry  and  wiU  display  sateUite  status.  During  launch  the  ^acecraft  contractor  wiU  supply  technical  consultants  to 

assist  MSOGC  and  wiU  integrate  and  test  the  sateUite  at  ETR . 
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MISSION  OPERATIONS  SYSTEMS  AND  FUNCTIONS 
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PRELAUNCH  PLANNING 

• ORBIT  PREDICTION 

• ATTITUDE  PREDICTION 

• LAUNCH  WINDOW  (TEMP. 

PROFILE 

• transfer  ORBIT  ECUPSE 
» AKM  FmiNG  ANGLE, 

OPTIMIZATION 

• HOHMANN  transfer 

• GROUND  STATION  AZ  EL 
RANGE  SIGNAL  LEVEL* 

• CONVERSIONS  (TIME,  GEOMETRY, 
UNITS) 

• CALIBRATION  (TSC  £ 

THRUSTERS  t 
SENSORS,  ETC) 

• POWER 
PROFILE 


TO  LA 
TAC 


(WITH  TURN  AROUND 
TRANSPONDER) 


• LAUNCH  PLAN 

£ 

• CONTINGENCY  PLAN 


(GSFC-MD) 


I 

LAUNCH  OPERATIONS  1 


COMMUNICATION 
UNKS  AND  T£C 


CPS 


£ 

TRUNK 

ES 


• ORBIT  DETERMINATION  £ ERROR  ANALYSIS 

• ATTITUDE  DETERMINATION  t ERRORS  ANALYSES-30  MIN 

• AKM  FIRING  PROGRAM  OPTlMIZATKiN 

• RANGE  DATA  (ACQUISITION,  PROCESSING)  - 30  MIN 

• TELEMETRY  (ACQUISITiON,  PROCESSING,  FLAGS)  1 MIN 

• COMMAND 

• TIME  TAGS 

• CONVERSIONS 

• CALIBRATIONS 

• STS  INTERFACE 

• READINESS  CHECK 

• LAUNCH  REHEARSALS 


TO  OTHER 
EARTH 
STATION 


GSFC 

(MSOCC) 

(MDOD) 


• STS  OPERATIONS 


POST  LAUNCH  OPERATIONS 

•DRIFT  £ SYNC  ORBIT  DETERMINATION 

• ATTITUDE  ACQUISITION 

• ATTITUDE  DETERMINATION 

• ECLIPSE  PREDICTION 

• SUN  TRANSIT  PREDICTION 

• TELEMETRY 

• COMMAND 
•THRUSTER  FIRING 

• RANGING 

• SCC/TAC  MONITERING 
•TEST  PLAN 


COMMUNICATION  LINKS 


LAUNCH  OPERATION 

• SATELLITE  READY 

• LV  READY 

• WEATHER,  FLARES,  ETC. 


NASCOM 


STDN 
£ JSC 


* INCLUDING  PROGRAM  TRACK  £ SEARCH  MODES 


I 

I 
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MOS  see  AT  GSFe 


The  Satellite  Control  Center  (SCC)  located  at  GSFG  m^nrr^  • 

expertoent  augmented  gaueiaUy  anaUable  at  GSFC.  This 

«a^te,utnesaaeeondS.andX.Cean.ata.t„  ™ 


GENERAL 

ELECTRIC 


MOS 

see  AT  GSFe 


• READINESS  CHECKS 

• LAUNCH  REHERSALS 


SIC  TELEM. 
CRT 

S/C  STATUS 
{COMMAND 
CONTROLS) 
CRT 

see 

STATUS 

CRT 

PERFORMANCE 

EVALUATION 

KEYBOARD 

KEYBOARD 

KEYBOARD 

KEYBOARD 

PERIPHERALS 
DISC 
TAPE 
PRINTER 
CARD  READER 
ETC. 

1 1 * t 

MINI  COMPUTER 

(REDUNDANT) 

TTT A k k I 

FROM  TAC 

_L 

TELEMETRY 
DEMOD  % 
DEO^DER 


T 

COMMAKO 
MOD,  CODER 


FU NGTi ON AL  PROCESSI NC 

• EXECUTIVE 

• TELEMETRY 

(CONVERSION,  PROCESSING, 
STORING,  FLAGGING,  ANALYSiS| 

• RANGE  DATA 

• SENSOR  DATA 

• COMMAND 

• DISPLAY 

• COMMUNICATIONS 

• EQUIPMENT  STATUS 


TO 

LA  TAC 


TIME  CODE 
GEN 


VOICE  LINES  (I^ICC,  CLEVELANDJ 


VOICE  LINES  STDN  BACKUP 

*^(VIA  HASCOM) 

^ GSFC 

•orbit  CXmPOTATlOK 
ATrmiDE  COimiTATlOH 


JOHNSON  SFC 


TELEMETRY  AND  COMMAND  (TAC)  STATION 


This  is  a tracking  earth  station  with  a 10  meter  antenna,  2 kW  HPil’s  and  traiisistor  receivers  for  communicating  at  S- 
hand  with  the  satellite  during  Post  I^aunch  Operations,  It  is  assumed  that  a 30  GHz  circtdarly  polarized  beacon  can  be 
added  to  this  facility  to  provide  a signal  to  the  satellite  monopulse  system.  Circular  polarization  significantly 
simplifies  satellite  monopidse  tracking  equipment.  Alternatively,  the  b^con  can  be  locat«i  at  Cleveland  in  either 


the  trunk  or  CPS  earth  station. 


LAUNCH  AND  POST  LAUNCH  SOFTWARE  DESCRIPTION 


Two  principle  activities  are  described.  Range  and  satellite  telemetry  (at  the  bottom  right)  are  used  to  process  rai^e 
and  attitude  sensor  data  to  determine  satellite  orbit  and  attitude  and  calculate  maneuvers  necessary  to  achieve  nominal 
paranjeters.  hi  addition,  telemetry  is  displayed  in  real  time  for  fast  reaction,  and  also  processed,  flagged  and  stored 
by  the  computer  for  later  analysis  qf  spacecraft  health  and  command  status. 


launch  organization 


The  launch  organizatl^ 

TiiP  Lmmeh  Director  actually  directs  the  detail  -Hoc -if  ftr  STDN  JFC  and  the  MCC  at  XpcRC.  Th 

™a"c  rc^a^  SOO)  pe^so^^el  a^ineotea  ^ X^C  ana  Contnaceor  sta«. 
definition  of  responsibilities  is  listed  below: 


' Mission  Director 
, Satellite  Conductor 


0 Mission  Conductor 
Command  Operator 


Responsible  for  all  aspects  of  the  mission 
Executes  launch  plan 

ResponalUe  for  planning  24  honr.  7 aay  and  30  mission  plans 


» 


Responsible  for  monitoring  and  vaUdating  S/C  commands.  Verifies  payload 
processor  reprogramming 


Spacecraft  Manager 
Performance  Evaluator 


Responsible  lor  real  Ume  S/C  performance  evalaaUon 
AnaUrae  S/C  bealtb  and  performance  in  offline  environment 


* Required  at  GSFC  for  orbit  insertion  aeUvities 
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general 

ELECTRIC 


LAUNCH  ORGANIZATION 


m 


SMCE  SYSTEMS  DIVISK)N 


•READINESS  CHECK 
•LAUNCH  REHEARSALS 
CSEC 


PLANS 

directs 

decides 

■ SELECTS  CONTINGENCIES 


CLEVELAND 


SPACECRAFT  MANAGER! 

CLERC)  e ETR  LAUNCH  READINESS 


- LERC  STAFF 
S/C  CONTRACTOR  TEAM 


EXECUTES 
LAUNCH  PLAN 


STDN 

COORDINATOR 

/1UISSION  PLANNING 
I ORBIT  MANEUVERS 
I attitude  MANEUVERS 


JOHNSON 

SFC 


LERC  STAFF 

CONTRACTOR 

STAFF 


OCC 


The  following  pages 


ON-ORBIT  SOFTWARE  DESCRIPTION 


describe  the  software  needed  for  Launch  and  Post  Launch  operations. 
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GENERAL 

ELECTRIC 

SOFTWARE  FUNCTION 


ON  ORBIT  SOFTWARE  DESCRIPTION 


SOURCE 


SPACE  SYSTEMS  KVISION 


PURPOSE 


l/F  PROCESS 


PAYLOAD  PROCESS 


S;C  REALTIME  TLM 
PROCESS 


S/C  DATA  FILE  GEN/ 
ARCHIVE/RETRIEVE 


REAL  TIME  DISPLAY 


DEBLOCK  AND  DECOMMUTATE  TLM  DATA 
l/F  CONTROL  WITH  EXTERNAL  HARDWARE 
PROCESS  DATA  EITHER  FROM  S/C  OR  NASCOM 

ANALYZE  PAYLOAD  PERFORMANCE 
DIAGNOSE  PAYLOAD  PROCESSOR  PROBLEMS 

EVALUATE  TLM  TO  DETERMINE  MODES  OF  S/C  SUBSYSTEMS 
CORRELATE  MODE  CHANGES  TO  COMMAN  D ACTIV ITY 
PERFORM  LIMIT  CHECKING  OF  ANALOG  TLM  BASED  UPON 
THE  LIMITS  FOR  SPECIFIC  SUBSYSTEM  MODES 
VERIFY  PAYLOAD  PROCESSOR  MEMORY  LOADS 

CONVERT  RAW  TLM  INTO  ENG.  UNITS  AND  COMPRESS  S/C 
ENGINEERING  DATA 

PROVIDE  REQUIRED  DATA  FOR  PERFORMANCE  EVALUATION 
ARCHIVE/RETRIEVE  DATA  FROM  TAPE 

FORMAT  AND  DISPLAY  DATA  AS  REQUESTED 

HANDLE  ALERT,  WARNING  AND  ERROR  MESSAGE  DISPLAYS 

VERIFY  CMD  EXECUTION 


GENERAL 

ELECTRIC 

SOFTWARE  FUNCTION 


ON  ORBIT  SOFTWARE  DESCRIPTION  (CONT) 


SOURCE 


PURPOSE 


SPACE  SYSTEMS  DtVlSIOK 


]■' 

I 

ft 


t '.i 


\ 
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SIC  PERFORMANCE  GE 

EVALUATION 


- PERFORM  STATISTICAL  PROCESS ING  ON  SELECTED  DATA 

- INCLUDES  MAX,  MIN,  AVG,  STD  DEV  AND  TRENDS 

- PROVIDE  SUMMARY  REPORTS  ON  SUBSYSTEM  PER- 
FORMANCE 


MISSION  PUNNING 
PROCESS 


COMMAND  PLAN  GE 

GENERATION 

COMMAND  FORMATTER  GE 


DATA  BASE  GENERATION  GE 


- PUN/SCHEDULE  S/C  ACTIVITIES 

- CORREUTE  PAYLOAD  EXPERIMENT  PUNS 

- RESOLVE  ANY  ACTIV ITY  CONRICTS 

- CORREUTE  ORB  IT  ADJUST  ACTIV ITY 

- GENERATE  DAILY,  WEEKLY  PUNS  BASED  ON  PREDICTED 
ACTIVITY 

- PROCESS  PUN  UPDATES  AND/OR  REVISIONS 

- IDENTIFY  CONFLICTS  AND  PREREQUISITES 

- INTERACT  W ITH  COMMAN  D OPERATOR 

- FORMAT  COMMANDS  FOR  TRANSMISSION 

- MA INTA  IN  COMMAN  D H I STORY 

- PROCESS  SINGLE  CMD  AND  CM D SEQUENCES 

- GENERATE  AND  EDIT  STATIC  DATA  BASE  FILES 

- COMPILE  UNIQUE  SUBSETS  OF  FILE  CONTENTS 

- MAINTAIN  DATA  BASE  VERSIONS 


6EHERAL 

ELECTRIC 

SOFTWARE  FUNCTION 
NASCOM  l/F 

ATTITUDE  SENSOR 
PROCESSING 


ATTITUDE  DETERMIN- 
ATION 

MANEUVER  CALCULATION 


RANGE  DATA  PROCESS- 
ING 

ORBIT  DETERMINATION 


\ 
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ON  ORBIT  SOFTWARE  DESCRIPTION  (CONT! 


SOURCE  PURPOSE 

NASA  - RECEIVEANDTRANSFERNASCOM  DATA  BLOCKS 

- SYNC  TLM  DATA  TO  FRAME  BOUN  DAR  lES 

- RECONSTRUCT  DATA  FROM  ERROR  ENCODING 

GE  - EXTRACT  SELECTED  ATTITUDE  SB^SOR  AND  PROPULSION 

DATA 

- CALCULATE  SPIN  RATES,  CONE  ANGLES  AND  DIHEDRAL 
ANGLES 

- GENERATE  SUMMARY  REPORTS 

NASA  - DETERMINE  SPIN  AXIS  AHITUDE 

- DEFINE  PRECESSION  SEGMENTS 

GE  - COMPUTETHRUSTER  FIRINGS  FOR  PRECESSION  AND 

ORB  IT  MANEUVER 

- CORRELATE  TO  S/C  OPERATIONAL  CONSTRA INTS  AND 
MANEUVER  TIMES 

- FORMAT  FOR  NASCOM  l/F 

NASA  - PROCESS  RANGE  AN  D RANGE  RATE  DATA 

- SMOOTH  DATA  FOR  ORBIT  DETERMINATION 

NASA  - DETERM  INE  ORB  IT  FROM  LAUNCH  THROUGH  FINAL 
STATIONKEEPING 


ssm 

Sf ACESYSTEMS  DTVISION 


GENERAL 

ELECTRIC 


DEMONSTRATION  SYSTEM  PLAN 


GENERAL 

ELECTRIC 


SPACE  SYSTEMS  DtVTSION 


TECHNOLOGY  AND  SERVICE  EXPERIMENTS 


OPERATIONS  CONCEPT 


- 1 
W ;j 


GENERAL 

ELECTRIC 


TECHNOLOGY  AND  SERVICEEXPERIWENTS  OPERATIONS  CONCEPT 


VACESYSTOAS  OtVISiON 


. SlCNAttlKClSinTCHINC 
INSTAUAYIOM  ION 

. participation  not  es  AND 
CVAtUATIONS 

I- OTHERS 


NO  C BAND;,  KuBANO  CAPABIUTV 
• NO  INrEaSATEU,lTE  5-lNK 


^REQUmES  BEACON  WHICH  IS  NOT  PART  OF  PRESENT  CONCEPT 


■’b: O' 


n 
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GENERAL 

ELECTRIC 


EXPERIMENT  NO. 


SERVICE  EXPERIMENTS 


SPACE  SYSTEMS  DIVISION 


EXPERIMENT 


DO-ABLE  ON 

GE  SSUS-D  S/C  NEED 


PS-1 

30/20  GHz  PROP.  MEAS. 

NO 

NEED  BEACONS,  MOD 

PS-2 

PROP.  CONSTRAINTS  ON  DIGITAL  SYST. 

NO 

CONUS  ANT 
SIMILAR  TO  ABOVE 

PS-3 

PROP.  CONSTRAINTS  ON  SCANNING 
MBS  SYSTEM 

YES 

PS-4 

ABOVE  40  GHz  PROP. 

NO 

NEED  BEACON,  ANTENNA, 

PS-5 
PS- 6 
PS-7 
PS- 8 

DEMON.  OF  VOICE,  VIDEO,  DATA  SERVICES 

YES 

XMITTER 

PS- 9 

FDMA/TDMA  OPERATIONAL  COMPARISON 

YES 

PS- 10 

BIT  STABILITY  DURING  SWITCHING 

YES 

PS- 11 

CUSTOMER  PREMISE  STATION 

YES 

PS- 12 

DEMAND  ASSIGNMENT  CONTROL  FOR  CPS 

YES 

PS- 13 

NARROWBAND  FDMA  SYSTEM 

YES 

PS- 14 

SYSTEM  SYNCHRONIZATION  EVALUATION 

YES 

PS- 15 

HEAVY  ROUTE  TRUNKING  APPLICATIONS 

YES 

(NO  SCANNING) 

PS- 16 

LONG  HAUL  S/C  COMPATIBILITY  EXP. 

YES 

PS-17 

LONG  HAUL  SPACE  DIVERSITY  EXP. 

YES 

(REQUIRES  PORTABLE 

PS- 18 

SERVICE  DEMAND  EXP'S-NON  DIVERSITY 

YES 

SITES) 

PS- 19 

SERVICE  DEMAND  EXP’S-DIVERSITY 

YES 

(DIFFERENT  DIVERSITY 

PS-20 

DYNAMIC  TRAFFIC  MODEL-TRUNKiING 

YES 

SEPARATIONS) 

PS-21 

DYNAMIC  TRAFFIC  MODEL-CPS 

YES 

PS-22 

DYNAMIC  TRAFFIC  MODEL-COMBINED 

YES 

PS-23 

C-BAND  5 Ku  BAND  EXPERIMENTS 

NO 

NEEDS  C,  Ku  BAND 

PS-24 

SYNCHRONIZATION  PAR/kMATERIZATION 

YES 

BEACONS 

PS-25 

DIVERSITY  OPERATION 

YES 

PS-26 

LINK  POWER  CONTROL 

YES 

REQUIRES  BER  MEAS.  IN 

PS-27 

PROPAGATION  AVAILABILITY 

YES 

SATELLITE 

ADD  BEACON,  CONUS  ANT 

PS-28 

MARKET  DEVELOPMENT  EXPERIMENT 

YES 

PS-29 

PROPAGATION  EXPERIMENT 

YES 

ADD  BEACON,  CONUS  ANT 

PS-30 

USER  ACCEPTANCE  (EMERGENCY  SERVICE) 

YES 

PS-31 

30/20  GHz  PROPAGATION  PHENOMENA 

NO 

NEEDS  C,  Ku  BAND 

PS-32 

SYSTEMS  IMPACT  OF  30/20  GHz  PROPAGATION 

YES 

BEACONS 

PS-33 

30/20  GHz  PROPAGATION  EXPERIMENT 

NO 

ADD  BEACON,  CONUS  ANT 

PS-34 

TEST  MARKET  EXPERIMENT  (TELE  CONFERENCE) 

YES 

TECHNOLOGY  EXPERIMENTS 


GENERAL 

ELECTRIC 

EXPERIMENT 

DO-ABLE  ON 

NO. 

EXPERIMENT 

GE  SSUS-D 

PT-1 

TRANSPONDER  PERFORMANCE  EVALUATION 

YES 

PT-2 

20  GHz  TWT  TRANSMIHER  EXPERIMENTS 

YES 

PT-3 

MULTI  SPOT/SCANNING  BEAM  ANT.  EVAL. 

YES 

PT-4A 

IMPATT  SOLID  STATE  TRANSMITTER 

YES 

PT-4B 

GaAsFET  SOLID  STATE  TRANSMITTER 

NO 

PT-5 

PT-6 

INTERSATELLITE  RELAY 

NO 

PT-7 

IF  SWITCH  MATRIX  PERFORMANCE  TEST 

YES 

PT-8 

PT-9 

BASEBAND  PROCESSOR  EVALUATION 

YES 

PT-10 

PT-11 

CHANNEL  INTERFERENCE  EXPERIMENT 

YES 

PT-12 

BASEBAND  PROCESSOR  ERROR  DETECTI05« 

YES 

AND  CORRECTION 

PT-13 

SMALL  EARTH  STATION  DUAL  FEED  EXPERIMENT 

NO 

PT-14 

INTERSATELLITE  LINK 

NO 

PT-15 

30/20  GHz  MULTIPLE  SCANNING  SPOT  BE4.M 

NO 

ANTENNA 

PT-16 

SYNCHRONIZATION 

YES 

PT-17 

INTERSATELLITE  LINK  CAPABILITY 

NO 

PT-18 

FADE  CONTROL  TECHN  IQUES 

YES 

PT-19 

GROUND  TERMINAL  TECHNOLOGY 

YES 

PT-20 

ANTENNA  POINTING  ACCURACY 

YES 

PT-21 

INTERFERENCE  ASSESSMENT 

YES 

PT-22 

INTERSATELLITE  LINK 

NO 

PT-23 

NETWORK  LINK  SYSTEM  MONITORING 

YES 

PT-24 

MULTIPLE  CARRIERS  PER  AMPLIFIER 

YES 

PT-25 

BEAM  ACQU I S IT  ION  AN  D TRACK  ING 

YES 

PT-26 

PRELAUNCH  SIMULATION  AND  TESTS 

YES 

PT-27 

FUNDAMENTAL  FLIGHT  SYSTEMS  TESTS 

YES 

PT-28 

TECHNOLOGY  EXPERIMENTS 

YES 

SPACE  SYSTEMS  DIVISION 


S/C  NEED 


ALTERNATIVE  TO  TWT 
ALTERNATIVETOTWT,  IMPATT 

2 SATELLITE,  ETC.  NEEDED 


REQUIRES  Ku-BAND 
REQUIRES  2 SATS 
{eo*  ANTENNA) 


2 SATS 


INFER  UPLINK  FADE  FROM 
DO\VNLINK  FADE 
REQUIRES  LINEARIZATION 
(STOP  SWITCH) 

USE  Ka-BAND  BEACON 


GENERAL 

ELECTRIC 


SERVICE-TECHNOLOGY  EXPERIMENTS 


SPACESYSTEMS  DIVISION 


EXPERIMENT  NO. 


EXPERIMENT 


DO-ABLE  ON 

GE  SSUS-D  S/C  NEED 


PSAT-1 
PS  AT- 2 
PSAT-3 
PSAT-4 
PS  AT- 5 
PSAT-6 
PSAT-7 
PSAT-8 
PS  AT- 9 
PS  AT- 10 
PSAT-1 1 


AIR  TO  GROUND  COMMUNICATIONS  (MOBILE) 
SPREAD  SPECTRUM  FEASIBILITY 
MULTILEVEL  TWT  CONTROL 
CO-PHASING  PARAMETERIZATION 
CO-PHASING  STABILITY  MEASUREMENTS 
LOW  BIT-RATE  FDMA/TDM 
VARIABLE  BIT-RATE  SS-TDMA 
TRUNKING  S CPS  EXPERIMENTS 
SPACE  DIVERSITY  EXPERIMENT 
ADAPTIVE  FADE  COMPENSATION 
ADAPTIVE  POLARIZATION 


YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

YES 

NOT 

YES 


(MODIFIED  EXPERIMENT) 
(DIFFERENT  RATES) 

(FLA,  GULF  ES) 
AVAILABLE  IN  BOOK 


EXPERIMENTS  OPERATIONS  SUMMARY 


A suinmaiy  of  configuration  compliance  with  the  NASA  Hbqperiments  Plans  Document  is  given  at  the  rigjit.  Non  com- 
pliant experiments  are  tiiose  requiring  C-band  or  Ku-band  equipment,  an  intersatellite  link  or  a CW  beacon  for 
propagation  measurements,  i^duch  are  not  part  of  the  prevent  configujration,  althou^  it  is  possible  to  include  file 
CW  beacon  at  a later  time.  An  examination  of  payload  margin  indicates  that  the  proposed  configuration  has  weight 
capability  for  additional  experiments,  such  as  Option  2.  Finally  it  should  be  observed  that  the  proposed  experiments 
in  the  NASA  document  were  inspired  by  satellite  configurations  vdiich  are  now  antiquated.  A final  version  of  Ifeis  NASA 
document  might  reveal  additional  Important  experiments. 

Also  listed  on  the  right  are  GE  suggestions  for  inclusion  In  the  Experiments  Plans.  The  simulation  of  fades  to  provide 
on  the  spot  demonstrations  of  adaptive  system  response  are  believed  to  be  important  in  convincing  potential  users  that 
adequate  availabilities  can  be  acMeved  at  Ka-band.  This  implies  careful  planning  of  experiments  and  equipment, 
particularly  the  inclusion  of  automatic  fade  reaction  capability  into  the  MCC  computer/software  ^stem.  While  auto- 
matic signalling  and  switching  Is  not  now  being  considered  for  trunking  the  MCC  computer  is  available  to  accomiiish 
automatic  fede  compensation  for  the  trunking  antenna  diversity  arrangements. 

The  addition  of  a CW  beacon  and  CONUS  antenna  to  facilitate  propagation  e^>eriments  will  enhance  the  value  of  the 
program. 


Sun  transit  experiments  for  CPS  systems  also  are  believed  to  be  important  at  Ifii-band,  Sun  transit  is  bothersome 
to  telephone  and  data  users  in  particular  and  f ; iinavoidable  at  C-band  and  Ku-band  unless  a reserve  satellite  and 
au  tomatic  satellite  'handover'*  capabilities  are  available.  At  Ka-band  fixed  and  adaptive  power  margins  are  relafively 
large  and  CPS  networks  are  expected  to  be  widely  dispersed  so  that  Ka-band  CPS  systems  can  be  designed  to  provide 
service  through  sun  transits.  If  this  can  be  demonstrated  a unique  Important  advantage  of  Ka-band  over  the  lower 
bands  can  be  established  and  demonstrated. 

Telemetry  analysis,  part  of  the  Technology  Experiment  Plans  can  be  a particular  problem  if  not  well  planned  and 
Instrrumented  because  of  the  large  volume  of  data  accumulated  and  the  need  to  famine  and  reexamine  the  data  for 
trends,  'itches'*  etc,  as  the  satellite  ages.  A ^ecific  plan  should  be  developed  to  provide  guidelines  for  the  opera- 
tion, flagging,  processing,  archiving,  retrieval  and  display  of  telemetry  data. 

hi  orbit  initial  satellite  checkout  (and  subsequent  checkouts)  Is  not  listed  In  fiie  Experiments  Plans.  These  checkouts 
provide  valuable  dafa  and  Insight  Into  satellite  performance,  performance  trends  and  failures.  A specific  jdan  is 
needed  to  detail  the  tests  and  identify  the  needed  test  equipment  and  eailh  station  facilities.  In  particular  a detailed 


Plan  is  required  for  the  processor  to  evaluate  its  performance  and  fimctiCHial  capabilify  despite  its  cmnplexify.  hi 
particular,  since  the  processor  performs  many  functions  in  tandem  i[demonstratIon  decoding,  storage,  switching  etc.) 
it  is  impnrfant  to  measure  each  of  these  functions  in  order  to  ^^raise  the  processor’s  performance  and  cooditioa 
and  to  assess  failures. 


Finally,  no  specific  tests  are  included  in  the  Han  to  provide  user  to  user  evaluati(Mis  of  performance  for  voice,  data 
or  video.  Such  evEduations  can  be  quite  complex  proceduraUy  and  inivolve  considerable  amounts  of  interface  and 
miscellaneous  equipment,  however  such  tests  and  demonstrations  are  the  wily  real  means  for  demonstrating  the 
flexibillfy,  capacify  and  availabilify  afforded  by  Ka-band  Systems. 


m . 


EXPERIMENTS  OPERATIONS  SUMMARY 

AL 

TIC 

DESIGN  LIMITATIONS 

NO  C-BAND,  Ku-BAND  EQUIPMENT 

NO  INTERSATELLITE  LINK 

NO  CW  BEACON 

RECOMMENDATIONS  (EXPERIMENTS  PLANNING  DOCUMENT) 

ADD  FADE  SIMULATION  TEST,  CPS  AND  TRUNK 

ADD  CW  BEACON  AND  CONUS  ANTENNA 

ADD  SUN  TRANS  IT  EXPER IMENT  FOR  CPS 

ADD  TELEMETRY  ANALYSIS 

ADD  IN-ORBIT  SPACECRAFT  CHECKOUT  AND  CALIBRATION 

ADD  PROCESSOR  DIAGNOSTICS 

ADD  SPECIFIC  USER  - USER  TESTS  AND  DEMONSTRATIONS  (VOICE 
DATA,  VIDEO) 


SPACE  SYSTEMS  DIVISION 


m 

« i 
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TECHNOLOGY  EXPERMENT  OPERATIONS 


Teclinology  Experiments  Operations  involving  three  basic  activities,  propagation  measurements,  satellite  teleme^ 
analysis  Sd  ^rformance  measurements  on  the  satellite  (including  analysis  of  failures,  functional  tests  a^r^onfij- 
uration  capability) requires  several  facilities.  In  this  plan  it  is  assumed  that  the  telemetry 

station  is  colocated  vith  the  satelHte  control  center  at  GSFC.  Satellite  commands  are  issued  from  the  SCO  to  the  satellxte 
via  the  TAG  and  quick  look  telemetry  is  received  and  analyzed  at  the  SCC.  In  addition,  the  satelUte  telemet^ 
via  land  lines  to  the  MCC  in  aeveland  where  the  data  is  culled,  flagged,  processed,  =u>red  and  ^yzed  ^ the  MCC  ^ 
minicomputer  . The  MCC  in  Cleveland  is  colocated  with  a trunking  earth  station  which  has  the  G/T  and  isIRP  to  ^nduct 
various  satelHte  performance  measurements.  The  MCC  minicomputer  also  is  used  to  support  CPS  signali^  and 
switching  and  to  control  fade  reactions  but  also  will  be  used  to  control  the  SS-TDhIA  switch  and  processor  function 
and  network  configuration  and  operation.  The  MCC  will  also  contain  test  equipment,  displays  and  controls  (workmg 
via  the  SCC  command  link)  to  accomplish  these  tasks. 


iP 


■KTs 

1. 


Beacon  receiving  equipment  and  propagation  data  processing  also  will  be  required  at  the  MCC. 
and  trunking  terminal  wiE  be  needed  to  accomplish  communications  tests. 


At  least  one  other  CPS 


The  multibeam  arrangement  in  particular  will  make  it  difficult  to  measure  or  even  obse^e  commumcatio^  acfevities 
in  other  beams  This  suggests  more  extensive  use  of  telemetry  than  for  single  beam  sateEites  and  consideration 
of  provisions  for  more  loopbacks,  e.  g. , the  abUity  on  command  to  loop  any  beam’s  tr^c  to  the  one 
MCC  This  permits  monitoring  of  any  beam's  traffic  and  any  earth  station's  timing  with  respect  to  satellite  time. 


TECHNOLOGY  EXPERIMENT  OPERATIONS 

GENERAL  SPACE  SYSTEMS  OLVLSIOM 

ELECTRIC 

FEATURES 

• SATELLITE  INITIAL  CHECKOUT  AND  CALIBRATION 

• SATELLITE  TELEMETRY  CALIBRATION,  STORAGE,  PROCESSING,  ANALYSIS  - 
2 YEARS  PLUS 

• OPERATION  AND  RECONFIGURATION 

• TRANSMISSION  IMPAIRMENTS  AND  POWER  PERFORMANCE 

• FAILURE  MODES  AND  EFFECTS  (ANALYSIS  AND  SIMULATIONS  -2  YEARS) 

• (Ka-BAND  PROPAGATION  MEASUREMENTS  AND  ANALYSIS  - 2 YEARS  PLUS) 

FACILITIES  AND  EQUIPMENT 

• SATELLITE  CONTROL  CENTER,  ON  ORB  IT  TAC  | CO-LOCATED 

• MASTER  CONTROL  CENTER,  TRUNK  TERMINAL,  CPS  TERMINAL  ) 

• MINICOMPUTER  AND  PERIPHEBJU.S  (COULD  BE  SAME  AS  THOSE  USED  FOR 
SIGNALLING  AND  SWITCHING) 

• TEST  EQUIPMENT  (POWER,  NOISE,  TRANSMISSION  IMPAIRMENTS) 

• AT  LEAST  ONE  OTHER  TRUNK,  CP  S TERM  INAL 

• (BEACON  STATIONS  FOR  PROPAGATION  MEASUREMENTS,  ALSO  DATA 
PROCESSING  CAPABILITY) 


BSL> 


TECHNOLOGY  EXPERIMENTS  OPERATIONS 


Depicted  at  the  right  are  the  broad  range  of  Technology  Experiements,  iypical  tests  to  be  performed  and  required 
softvra.r6.  Software  iu  'ludes  test  procedures,  reports,  standards  as  well  as  computer  software.  Each  test  or  experiment 
to  be  performed  requires  a defined  procedure,  identified  and  specified  configuration  and  parameters,  recording  of  data, 
analysis  of  results,  and  a report.  Thus  substantial  commitments  in  facilities  and  software  will  be  required  to  accom- 
plish the  Technology  Experiments  Operations. 


GENERAL 

ELECTRIC 


FUNCTION 


TECHNOLOGY  EXPERIMENT  OPERATIONS 


TESTS 


SATELLITE  CHECKOUT  AND  CALIBRATION 


SATELLITE  TELEMETRY 

TRANSMISSION  IMPAIRMENTS  AND 
POWER  PERFORMANCE 

FAILURE  MODES  AND  EFFECTS 


PROPAGATION 
MEASUREMENTS 
RECORDING 
TIME  MARKING 
DATA  COLLECTION 
DATA  PROCESSING 


S/C  AND  PAYLOAD  FUNCTIONS  (INCLUDING 
ANTENNA  PERFORMANCE) 

S/C-ES  COMPATIBILITY  TESTS  (PROCESSOR 
AND  SATELLITE  SWITCH  SIMULATORS) 

ALL  PERTINENT  PAYLOAD  AND  S/C  BUS 
FUNCTIONS  AND  PROCESSOR  DIAGNOSTIC 
TELEMETRY  (ANALOGUE  AND  DIGITAL) 

SIGNAL LEVaS,  ANTENNA  ISOLATION, 
NOISE  DENSITY,  SPURIOUS.  AM/PM,  ETC, 

T&C  EVALUATION 
RECONFIGURATION,  STARTUP 
ALTERNATE  MODES,  FAILURE  SIMULATION 

FADES  STATISTICS 
COHERENCE 
X POL  DEGRADATION 
DIVERSITY  ORIENTATION  AFFECTS 


SPACE  SYSTEMS  DIVISION 


SOFTWARE 

TEST  PROCEDURES  AND  REPORTS 


SOFTWARE  FOR  CALIBRATION, 
PROCESSING,  STORAGE  AND 
REPORTS 

TEST  PROCEDURES  AND  REPORTS 
DIAGNOSTIC  REPORTS 


TEST  PROCEDURES  AND  CALIBRATION 
STANDARDS,  MEASUREMENT  REPORTS 
DATA  PROCESS  IN6ALG0RTHM 
REPORTS 


m 


m 
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SYSTEM  EXPERiaiENTS  OPERATIONS  _ 


System  E^eriments  Operations  Involve  esgieriments  in  two  areas,  demonstration  of  system  availabilily  despite 
rain  &des  and  equipment  or  system  failures  and  service  demonstrations  involving  voice,  data  or  video.  The  same 
bas^ic  facOities  are  needed  as  for  Technology  E3^»eriments,  including  the  MCC,  its  computer,  its  network  coordination 
facilities  (order  wire).  In  addition,  interface  eqvupmentis  required  at  each  participating  earth  station  to  connect  in 
the  user  (telq)hone  interf*u;e  equipment  may  include  an^lifiers,  inqiedance  transformers,  echo  canceRors  etc. , 
teleconferencing  equ^ment  may  include  studio,  video  cameras,  monitors,  audio  equipment  and  various  queuing  aides 
etc. ).  Interface  equipment  can  be  costly  and  well  planned  e^eriments  are  therefore  necessary.  It  may  be  desirable 
to  relocate  an  earth  station  and  its  equipment  from  time  to  time  in  order  to  accommodate  different  users. 


SERVICE  EXPERIMENTS  OPERATIONS 


GENERAL 

ELECTRIC 


FEATURES 

• S IMULATED  AN  D ACTUAL  FA  DES 

• LONG  TERM  AVAILABILITY  (EQUIPMENT.  SYSTEM,  FADING) 

• SERVICE  DEMONSTRATIONS,  END-TO-END 

VOICE 

DATA 

VIDEO 

FACILITIES  AND  EQUIPMENT 

• SATELLITE  CONTROL  CENTER,  ON-ORB  IT  TAC  ) 

• MASTER  CONTROL  CENTER,  TRUNK  TERMINAL,  CPS  TERMINAL  ) 

• AT  LEAST  ONE  OTHER  TRUNK,  CPS  TERMINAL 

• MINICOMPUTER  AND  PER IPHERALS 

• USER  SIMULATION  (END-TO-ENO) 

TELEPHONES  AND  INTERFACE  EQUIPMENT 
DATA  SOURCES,  SIMUUTION,  INTERFACE  EQUIPMENT 
VIDEO  CAMERAS,  TAPE, PROCESSORS 
CONFERENCING  FACILIW 


CO  LQCAmj 


SERVICE  EXPERIMENTS  OPERATIONS 


:r  ? ~ ®esa 

teleconference)  and  therefore  also  require  careful  planning.  ^ <l«ality  (for  example  quaKfy  of  a 


These  can  be 


teTm  teTSTe^Lf  f computer.  Long 

more  mamtai,  ^ eqmre  procedures,  test  plans  and  extensive  logs  which  are 


k « 

if 


GENERAL 

ELECTRIC 


FUNCTION 


FADE  COMPENSATION 


SERVICE  EXPERIMENTS  OPERATIONS 


55IP 

SPACE  SYSTEMS  a*WK80« 


TESTS  SOFTWARE 

ACTUAL,  SIMULATED  FADES  TEST  PROCEDURES 

AND  SYSTEM  RESPONSES,  CPS 

ANDTRUNK 


AVAILABILITY 


LONG  TERM  TESTS  OF  DEVICE,  TEST  PROCEDURES,  TEST 
SYSTEM  OPERATION  (RECON-  PLANS,  OPERATING  LOGS 
FIGURATION,  START  UP)  AND 
RAIN  FADE  AFFECTS,  CPS  AND 
TRUNK 


SERVICE  DEMONSTRATIONS  SIGNALLING  AND  SWITCHING 
(END-TO-END)  (CPS  ONLY) 


VOICE 

DATA 

VIDEO 


RECONFIGURATION 

DAAAA 

SUBJECTIVE  PERFORMANCE 

• DURING  FADING 

• DURING  SWITCHING 

• OVERALL 


SPECIFIC  TEST  PROCEDURES, 
TEST  PLANS,  OPERATING  LOGS 
AND  USER  TEST  EVALUATION 
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TECHNOLOGY  A^E.$SMENT 


Major  items  of  concera  are  the  TWT  and  processor  because  both  of  these  items  require  major  extension  of  the  state- 
;of“the'-art.  Considering  potential  program  schedtde  dnd  cost  in^iacts  if  one  or  the  other  of  these  components 
experiences  problems  along  the  way  it  is  recommended  that  specfiiic  ti^nsitional  programs  be  implemented  fay  NSySA.  to 
bridge  the  gap  between  the  existing  ’TOC”  programs  and  fee  space  qualified  devices  required  in  fee  .satellite  program. 
Since  qualification  is  needed  in  any  event  it  makes  sense  to  perform  the  qualifications  (to  the  extent  possible)  during 
the  transitional  phase  when  delays  are  not  costly-  Specifically  it  is  recommended  that: 


TWT 


Complete  TWT  design  s> 

Build  fully  documented  prototypes  (not  engineering  models)  and  qualify 
Initiate  life  dsmon^rations 


Processor 


Complete  system  architecture  and  specify 
Bevelcp  all  required  IC  chips 

Complete  demonstration  system  brassboard  and  test 
S|)ecify  ground  test  and  control  equipment  and  software 


Other  ihmSi  which  are  less  critical  (any  item  that  delays  fee  i5)acecra/t  contractor  can  be  very  costly)  are:  SS-TMDA 
GaAs  PET  switches,  30/20  GHz  mixer  diodes,  Ka-band  switches  aind  30/20  GHz  multiplier  diodes  which  can  be  qualified 
by f^satellite  contractor.  VPD’s,  CMOS  switches,  I^ATT  diipdes  are  mqjected  to  be  demonstrated  sufficiently  during 
ti^^^ective  POC  programs.  Whtie  it  is  early  to  estimate  actual  earth  station  techimlogiesTjecause  fee  ^^stem  Studies 
,5pd  yal^Ss  earth  station  POC  developments  are  not  started,  fee  ‘’^gregate  rate”  MODEM  is  certainly  one  candidate 
f&r  Ijraseboard  deVelopasient,  however,  objectives  to  lower  CPS  costs  will  certainly  identify  ofeer  critical  technologies, 
Ifid  ^eed  terrestrial  interface  module  (THM5  also  may  requltre  development  because  of  fee  hi^  ^eed. 


C 


GENERAL 

ELECTRIC 

m,\ 

MBA/BFN/OMT  (Ka) 

LNR/DC  (Ka) 

WG  SW  ITCH  (Ka) 

MUX/FILTERS  (Ka) 

10' S (Ka) 

PROCESSOR/CONTROL 

ASSY 


POC  STATUS 

(PERFORMANCE  DEMO^ 
WT,  POWER 
CONFIRMATION 
BREAD  BOARD) 
BRASS  BOARD 

OK  (TRW.  FAC) 

OK  (TRW,  LNR) 

TRANSCO 
N/A 

m (fRW,  LNR) 
MOTOROLA 


TECHNOLOGY  ASSESSMENT 

INDUSTRY  STATUS  STATUS 


/PffiFORMANCE  DE^)0^ 
m.  POWER 
CONFIRMATION 

OK  (GE,  HAC,  TRW,  FAC) 

OK(GQ 

NONE 

OKLGE,  IR&D) 

OK(GB 


SPACE  SYSTEMS  DWSKMI 
RECOfi»A\ENDATIONS 

(ADDITIONAL  (M  EXTENDEDv 
POCSETC.  \ 
PRICmTOCONWllTNBlT  I 
TO  DENLO  SYSTEM  ' 


SS-TDMA/CONTROLASSY 

GQFAC 

GBFAC/HAC/TRW 

SS-FDMA/CONTRCH.  ASSY 

NOTYETUNDERDEVEL 

NONE 

UC  (Ka) 

SIMILAR  TO  LNR 

OK  (GO 

4QW  SSPA  (IMPATDIKa) 

LNR.  TRW 

GE  (16  GHz) 

40WTWT  (Ka) 

HAC/EDD 

EDD/CSF  ALTERNATIVES 

EPC 

N/A 

GE,  TRW 

CPS  TDMA  TERMINAL 
(MODEM) 

N/A 

N/A 

FDMA  TERMINAL 

N/A 

AVAILABLE 

TRUNK  TERMINAL  (MODEM) 

— 

N/A 

NETWORK  CONTROL 

— 

AVAIUBLE 

PROPAGATKXl  (Ka) 

— 

INFO  AVAILABLE 

/UFE&RaiABILITY\ 

MMOS,  PRINWRILY 
\ DEVICES  / 

NBV  DESIGN  (APERTURE,  BFN 
AND  SWITCH  ORVPO) 

DEVICES  NOT  SPACE 
QUALIFIED 

NEW  DESIGN 

N/A 

DEVICES  NOT  SPACE 
QUALIFIED 

BRASSBOARD  PIECE 
PARTS  UNDER  DEVaOPA'BlT 

DOUBLE  GATE  FET  NOT  SPACE 
QUALIFIED 

SAW  OK,  CMOS  NOT  PROVEN  SPACE  QUALIFY  SWITCH  DEVICE 

(ALTERNATIVES  ARE 

POSSIBLE) 

DIODE  NOT  SPACE  QUALIFIED 

BRASS  BOARD  (DEV  ICE  NOT 
SPACE  QUALIFIED) 

BR/ISS  BOARD 

NEV)  DESIGN 

NEV)  TECHNOLOGY  (A10DEM) 


NONE 

SPACE QUALIFICATIOfl  I DIODES ) 

NONE 

NONE 

NONE 

TEST  BRASS  BOARD,  BUILD  PROTOTYPE  QUALIFY 
SPACE QUAL  FET  DEVICE 


I NONE 

SPACE  QUAL  PROTOTYPE,  LIFE  DENLONSTRATION 

SPACE  QUAL  prototype,  LIFE  DEN'.ONSTRATION 
NONE 

DEVaOP  BREADBOARD 


Oi;  lower  cost  VERS  ION  DESIRABLE 

NEW  TECHNOLOGY  (MODEM)  DEVaOP  BREADBOARD 
OK  none 

N/A  none 


TECHNOLOGY  ASSESSMENT  CONCLUSIONS 


The  conclusions  from  the  Technology  Assessment  are  presented  at  the  right,  hi  addition  to  the  comments  previously 
made  it  should  be  noted  that  the  MCC  software  development  and  test  can  be  time  consuming  and  elusive  with  respect 
to  completion  and  an  early  start  is  recommended. 


TECHNOLOGY  ASSESSMENT  CONCLUSIONS 


MAJOR  CONCERNS 

ACTIONS 

COMMENTS 

PROCESSOR 

COMPLETE  BRASSBOARD 
DEVELOPMENT 

PROTOTYPE  SCHEDULE 
NOTTIMELY  FOR  PHASE  111 

BUILD,  QUALIFY  PARTS  AND 
PROTOTYPE 

DEVELOP  TEST  EQUIPMENT  & SOFTWARE 

TWTA 

COMPLETE  BRASS  BOARD 
DEVaOPMENT 

PROTOTYPE  SCHEDULE 
NOTTIMaYFOR  PHASE  III 

BUILD,  QUALIFY  PROTOTYPE 

MINOR  CONCERNS 

30/20  GHz  DEVICES 

SPACE  QUALIFY 

— 

IMPAH 

SPACE  QUALIFY  DEVICES 

LOWER  POWER,  LOWER 
EFFICIENCY,  MORENON- 
LINEARITYTHAN  DESIRED 

ES  MODEM 

BUILD,  TEST  BREADBOARD 

— 

MCC  SOFTWARE 

START  EARLY 

TIM 

BUILD,  TEST  BREADBOARD 

■ *■ 


SCHEDUUE 


The  Demonstration  System  Schedule  for  the  satellite  recognizes  the  hi^  technology  subsystems  of  tne  satelbte  whic 
require  extensive  design  engineering  and  development.  In  addition,  many  of  the  parts,  mparticular  ha-band  devices 
and  10  chips  for  the  pr«essor,  developed  especially  for  this  application  but  with  only  miniscule  pr^uction  resuire- 
ments  are  expected  to  be  procurement  problems  , in  fact  , the  long  term  procurement  cycle  for  integrated  circu-ts 
and  siiiilar  dwices  such  as  GaAs  FET,  and  TWT's  and  certain  msiterials  has  been  a scheme  driver 
spacecraft  rpograms  such  as  DSCS-IK  and  is  the  single  most  important  reason  for  increased  spacecraft  production 

times. 


While  it  is  not  possible  at  this  point  in  the  Demonstraaon  ^stem  Design  to  evaluate  the  schedule  ^ 

piece  part  deliveries  (due  to  lack  of  design  information  and  specifications)  a schedule  can  be  constraeted  which  tes 
minimum  uncertainty  by  basing  it  on  the  DSCS-HI  and  BSE/ BS-2  e^^erience.  The  program,  mchidi^  aprotofiight 
spacecraft  plus  an  un-integrated  flight  spacecraft  wiU  require  4. 5 years  to  launch  with  an  uncertamty  at  this  point  in 

time  of  phis  and  minus  three  months. 


This  schedule  requires  an  active  NA.SA.  transition  for  the  period  between  the  present  TWT  and  processor  TOC  pregrams 

and  the  start  of  the  spacecraft  production  contract.  In  this  time  interval  NASA  should  imtiate  a ^ qualify  the 

40  watt  TWT  (e.  g . , a fuUy  documented  TWT)  and  begin  life  demonstrations  so  th^  the  spac^raft 

continue  this  program  mqieditlously  by  ordering  fli^t  TWT’s  at  contract  start.  The  alternative  is  to  (ji^  the  TWT 

during  the  spacecraft  contract;  this  is  believed  to  be  too  hazardous  to  schedule  and  can  have 

cost  should  TWT  delays  occur  . With  regard  to  the  processor  a minimum  transitim  P^°Sxam  mvolv^^^^^ 

tion  (specification  of  hardware  and  complete  functional  description  of  operation  and  performance), 

space  qualifications  of  aU  IC  chips  and  test  of  fuUy  assembled  bra.ssboard.  Another  key  consideration  is  tne  gr 

equipment  and  software  (for  both  the  satellite  contractor  and  for  the  MCC)  necessary  to  operate  theprwessor, 

dS^ ose  its  faults  and  dynamically  evaluate  its  performance.  The  present  POC  program  is  not 

pli^the  transition  and  consequently  the  processor  presents  a substantial  risk  in  terms  of  spacecraft  schedule  and  ^ 

lost  Considering  the  present  processor  and  TWT  POC  programs  and  the  Demonstration  System  scheme  proposea 

aer;  appXs  to^e  ad4^te  time  available  for  a transition  program.  It  should  be  noted  that  the  transition  program 

ra^es^rk  Z.t  n^  to  be  accomplished  in  any  event;  however,  the  accomplishment  during  the  transition  period 

will  not  seriously  impact  spacecraft  schedules  and  costs. 


Other  items  key  to  a successful  and  timely  Demonstration  System  development  are  the  space  ^lificatira  of  D^A.CT 
diodes  , should  IMPATTS  be  included  in  the  Demonstration  System  and  the  development  of  working  breadboards  of  th 
256Mbps  trunking  MODEM  and  aggregate  rate  CPS  demodulator. 


spacecraft  start. 


SCHEDULE 


SPACE  SYSTSDIS  WVISION 


PROTOFLIGHT  PLUS  UNASSEMBLED  FLIGHT 

54  MONTHS  TO  LAUNCH,  NOMINAL  +3 
P DR  IN  6 MONTHS 
C DR  IN  18  MONTHS 

SCHEDULE  ASSUMES  ACTIVE  NASA  TRANSITION 
TWT  QUALIFIED  IN  MID  1984  (DELIVERIES  BEGIN  IN  1985) 

PROCESSOR  DELIVERIES  IN  MID  1985 

MOS  BEGINS  AT  T + 18,  4 MONTHS  FOR  REHEARSALS 

GROUND  SYSTEM  BEGINS  T + 27 

EXPERIMENTS,  OPERATIONS  PROCEDURES  BEGIN  T + 42 

SCHEDULE  ASSUMPTIONS 

- PROCESSOR’"  BRASSBOARD  COMPLETED  AND  TESTED 

- PROCESSOR  PARTS  SPACE  QUALIFIED 

- 40  WATT  TWT/IMPATT  BRASSBOARDS  COMPLETED  AND  TESTED 

- IMPATT  PARTS  SPACE  QUALIFIED 
--  TWT  PROTOTYPE  SPACE  QUALIFIED 

- TWT  LIFE  DEMONSTRATIONS  BEGUN 

- ES  256  MBPS  MODEM  AND  CPS  DEMODULATOR  BREADBOARD  TESTED 
1982  TECHNOLOGY,  1982  SYSTEM  DFSIGN 


DEMONSTRATION  SYSTEM  SCHEDULE  (PROTOFLIGHT-ELIGHT  SATELLITE) 


PDR  in  6 months  and  CDR  in  18  months  are  somewhat  later  than  DSGS-m  and  BS-2  but  earlier  than  Landsat  '*D".  The 
principle  inhibitor  to  an  earlier  launch  is  the  inability  to  procure  parts  on  a timely  basis  to  support  the  protofli^t 
subsystem  fPvbrication  and  assembly  beginning  in  mid  1985 . Note  this  is  also  the  latest  date  for  the  dellveiy  of  a 
flight  processor.  Integration,  assembly  and  test  of  the  spacecraft  follows  normal  schedules  leading  to  launch  at  the 
end  of  1987 . The  large  deployable  high  frequency  antenna  coupled  with  a completely  new  payload  arrangement  and 
north-sou&  panel  packaging  design  is  believed  to  justify  extensive  structural  and  thermal  testing  prior  to  completion 
of  protoflight  design.  Such  testing  also  is  needed  to  confirm  the  redesign  of  the  enlarged  and  strengthened  structure. 
Launch  vehicle,  PAM-adaptor  and  AKM  can  be  ordered  18  months  aJEter  start. 
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DEMONSTRATION  SYSTEM  SCHEDULE,  MOS 


of  ^1^0  software  development  plus  3 months  for  testing.  This  allows  ample  time  for  mtegraticm 

T?°*  Itehearsals  begin  after  the  readiness  tests  are  comply, 

rae  T&C  (TAG)  S-band  tractang  station  exists  at  GSFC  and  is  expected  to  be  avaUable.  However,  modifications  wiU 
be  necessaiy  for  correct  operating  freq-  and  to  provide  the  correct  T&C  interface  (MODEMS  etc  ) The  SCC 
as  a genera^  tocUily  is  avaUable  nnder  cc  -.00.  (MSOCC).  however  some  additional  cqS^Scfae  disptoyf 
controls  md  equipment  pertaining  to  T&C  wffl  be  required.  Adequate  time  is  allowed  for  the  procurement  inSllattcn 
^pmSi^torSLoh*'''*  faeUiiy.  Beadiness  tests  and  launch  rehearsals  foUow  in  the  ensuing  six  months,  in 


DEMONSTRATION  SYSTEM  SCHEDULE,  GROUND  SYSTEM  JiND  EXPERIMENTS  OPERATIONS  SYSTEM 


This  schedule  supports  an  end-of-1987  launch.  It  includes  definition  and  procurement  of  test  equipment  for  in  orbit 
evaluation  of  the  satellite  communications  system  via  the  trunking  terminal,  preparation  of  procedures  for  conducting 
communications  experiments,  design  procurement  assembly  and  test  of  propagation  equipment  (expected  to  be  part  of 
the  Demonstration  System)  and  includes  provisioning  of  a spares  depot.  Major  elements  include  development, 
installation  and  test  of  the  tamking,  CPS  and  FDMA  (Option  2)  temainals  in  Cleveland,  adjacent  to  the  MGC;  this 
schedule  assumes  prior  development  of  the  256Mbps  trunk  TDMA  burst  MODEM  and  the  220htbps  aggregate  rate 
CPS  demodulator.  Three  months  allowance  for  trunk  site  work  assumes  prior  establishment  of  tiie  interconnect 
link  ri^t-of-way . Ample  time  is  allowed  in  the  schedules  to  permiit  the  installation  and  test  <£  up  to  six  each  CPS 
(TDMA),  trunk  and  FDMA  terminals. 

An  early  start  also  is  required  for  the  MCC  in  order  to  aUow  for  software  development  and  tordware  proci^ment. 

In  this  case  software  development  relates  to  the  limited  but  automatic  CPS  signalling  and  switching  capability 
automatic  response  to  trunk  and  CPS  rain  fades  and  to  control  of  tiie  processor.  Megratlon  of  processor  software 
into  the  total  software  system  is  a special  problem. 

Communications  experiments  can  begin  three  months  after  launch  (communications  evaluation  of  the  satellite  using 
special  test  equipment  wifi,  have  begun  earlier). 


WORK  BREAKDOWN  STRUCTURE 


The  Work  Breakdown  Structure  (WBS)  ej^lains  the  Demonstration  System  elements  and  is  used  to  develop  tiie  ROM 
cost.  The  WBS  at  the  ri^t  explains  the  total  Program  tasks  and  elements  including  those  not  currently  the 
responsibility  of  the  spaceciraft  contractor  which  are  shown  by  dotted  lines.  These  items  are  overall  prc^ram 
management^  integration  and  coordination,  ^or  example  not  all  the  earth  stations  are  provided  by  NASA  and  the 
non-NASA  stations  still  must  be  coordinated)  direction  of  the  POC  program,  tiie  Propagation  Experiments  Program 
(including  hardware  and  data  reduction),  and  establishment  of  a spares  depot,  important  if  more  than  a few  earth 
stations  are  used).  The  Eli^t  System  is  divided  into  satellite,  launch,  vehicle  and  AGE,  MOS  into  launch  and  on- 
orbit  and  Ground  %stem  into  MCC,  GPS  terminals  and  trunk  term  inal  elements.  Purther  breakdown  of  WBS  elements 
to  the  levels  required  by  NASA  are  explained  in  subsequent  pages.  The  Experiments  Opeiraticms  ^’stem,  (WBS  4.0) 
provides  for  O&M  personnel  and  supporting  materials  for  the  MCC  which  ccmrdinates  tiie  communications  experimente 
program.  Miscellaneous  Hardware  (4.2)  is  an  allowance  for  information  displays,  and  controls  that  are  not  included 
in  the  basic  MCC  equipment.  Procedures  and  Reports  (4. 3)  is  a first  attempt  to  develop  experiments  procedures  to 
analyze  and  report  results.  WBS  4. 0 v ‘*1  not  be  described  siibseciuently. 
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WORK  BREAKDOWN  STRUCITJRE,  FUGHT  SYSTEM 


The  Pli^t  Siystem  WBS  is  depicted  at  the  right.  The  satellite  is  broken  into  the  defined  elements  in  order  to  develop  the 
costing  (ROM)  elements  desired  by  NASA.  Note  that  no  attempt  will  be  made  to  prorate  program  management  and  systems 
engineering  costs  between  Design  and  Development  (NRC)  and  Protoflight  and  Flight  (RC)  costs.  Items  shown  in 
parenthesis,  for  example  STS  and  related  items,  are  shown  in  parenthesis  to  indicate  that  these  costs  are  not  included 
in  the  prime  contractor’s  cost.  Integration  of  the  satellite  into  the  SSUS-D  and  its  integration  into  the  STS,  plus 
related  interface  and  range  and  STS  safely  documentation  are  part  of  the  prime  contractor’s  responsibility  and  cost. 
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PROGRAM  MANAGEMENT  (WBS  1. 1. 1) 


Program  Mans^ement  is  responsible  for  performance,  cost  and  schedule.  Specifically  the  Program  Management 
organizes  and  schedules  the  work  to  be  performed  and  monitors  to  assure  compliance  to  i>erformance,  cost  and 
schedule  goals.  The  Program  Office  also  is  the  prime  customer  interface  in  accepting  new  directives  and  in  reporting 
problems  and  progress. 

In  this  program  the  program  office  is  estimated  to  contain  the  quantities  of  personnel  listed  below  — assuming  a 
protoflight  program  and  an  unassembled  flight  model.  These  personnel  are  under  the  direct  control  of  the  program 
manager. 


Management/Technical  Personnel 
Manufacturing  Personnel 
Product  Assurance  Personnel 


Year  1 


Year  2 Year  3 Year  4 


15  17  12 

7 7 5 

12  3 


8 

1 

3 


A typical  organization  by  function  is  shown  at  the  ri^t.  Listed  below  is  a more  complete  description  of  these 
activities. 


PROGRAM  MANAGEMENT  ACTIVITiES  (W^BS  1. 1. 1) 


1. 1. 1. 1 Project  Management 


Direction  and  Management  of  all  Program  Activities 
Preparation  and  Maintenance  of  Rnplementation  Plan 
Fiscal  Planning,  Cost  Control 


- Program  Master  Schedule,  Schedule  Control 


Management  and  Integrating  of  Deliverable  Documentation 
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PROGRAM  ]MANAGEIVIENT  ACTIVITIES  (WBS  1,1.1)  (Continued) 

Contract  Administration  and  Financial  Support 
Reports 

1. 1. 1. 2 Manufacturing  Management 
Preparation  of  Manufacturing  Plan 

Make/Buy  Decision,  Implement  Purchasing  and  Production  Controls 
Coordination,  Integration,  Management  of  Manufacturing  Activities 

1. 1. 1. 3 Product  Assurance  Managements 
Implements  Quality  Control  Program 
Coordination,  Integration,  Man^ement  of  PA  Activities 
Prepares,  Enforces  Configuration  Control  Plan 

- Chairs  MRB 

Parts,  Assembly  Traceability  Procedures 

1. 1. 1.4  Project  Engineering 

Prepares  Work  Packages  for  all  Design  Activities 

- Prepares,  Issues  Design  Documentation 
Provides  for  Traceability  of  all  Requirements 
Rearranges  for  Design  Reviews  (PDR,  CDR) 


:.  C . 

PEOGRAM  IVIANAGEMENT  ACTIVETIES  (WBS  1. 1. 1)  (Continued) 

Prepares  Test  Plans  (components,  subsystems,  spacecraft) 

Coordination,  Integration,  Management  of  Engineering  Activities 

1. 1. 1. 5 Subcontracts  Management 

Prepares  Procurement  Packages,  SOW,  specs 
Selects,  Negotiates  "With  Vendors 
Monitor  Vendor  Performance  including  Delivery 
Provides  Engineering,  PA  Support  as  needed 

1. 1. 1. 6 Spacecraft  Test  Management 

Develops  Assembly,  Mtegration  and  Test  Plans 
Coordinates,  Directs  Spacecraft  Assembly,  lategration  and  Test 
~ Enforce  PA  Provisions 
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PROGRAM  MANAGEMENT  (WBS  L L 1) 
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SYSTEM  ENGINEERING  (WBS  1.1.2) 


System  Engineering  for  the  program  is  controlled  by  an  Engineering  lilanager  reporting  directly  to  the  Program 
IVIanager.  This  organization  translates  the  program  objectives,  specilficatlons  and  SOW  into  a mutually  consistant  set 
of  -work  packages  to  be  disseminated  to  the  engineering  organization  for  action.  Systems  Engineering  then  monitors 
engineering  progress  (performance,  cost,  schedule)  and  coordinates  these  activities  -with  iVIanufacturing,  Quality 
Assurance,  Product  Assurance  and  Program  Management.  An  example  of  such  activities  suitable  for  the  subject 
program  is  shown  at  the  right. 


SYSTEM  ENGINEERING  (WBS  LL2) 


ENGINEERS 


YEAR!  YEAR  2 YEAR  3 YEAR  4 
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DESIGN  REVIEWS 
DOCUMENTATION 
INTERFACE  MEETINGS 


COMM 


TT&C 


S/C  BUS 


LAUNCH 


-REQUIREMENTS 

-REQUIREMENTS 

-REQUIREMENTS 

-INTERFACE 

-INTERFACE 

-INTERFACE 

-SPECS /SOW 

-SPECS /SOW 

-SPECS /SOW 

-TEST  PLAN 

-TEST  PLAN 

-TEST  PLAN 

-LAUNCH, 

FLT  SUPPORT 

-LAUNCH.  ^ 

FLT  SUPPORT 

-LAUNCH. 

FLT  SUPPORT 

REQUIREMENTS 
-INTERFACE 
_SPECS/SOW 
TEST  PLAN 

I- launch, 

Fl.TSUPPORT 


RELIABILITY 


-REQUIREMENTS 

-RELIABILITY  PLAN 

.COORDINATE 

ACTIVITIES 

-RELIABILITY 
ANALYSIS  & BUDGET 


hFMEA 


LSUBCONTRACTOR 

PLANS 


1.1.2.1  SYSTEM  REQUI REMENTS  & ANALYSIS 

1.1.2.2  INTERFACE  CONTROL  {LAUNCHER.  TRACKING  FACI LITIES,  INTERSATELLITEJ 

1.1.2.3  PREPARE  SPECS.  STATEMENTS  OF  WORK.  PLANS  FOR  ALL  ENG.  ACTIVITIES 

1.1.2.4  DEVELOP  TEST  PLANS 

1.1.2.5  SUPPORT  LAUNCH  & FLIGHT  OPERATIONS 

1.1.2.6  DEVELOP  RELIABILITY  PLAN  PREDICT  RELIABILITY,  PREPARE  FMEA 

1.1.2.7  MONITOR  SUBCONTRACTOR  ACTIVITIES 


^siga  activities  are  described  by  the  three  activity  elements  at  the  right,  namely  Con 
^acecraft  Bus  Design  and  ^acecraffc  Integration  and  Test  Design  and  Planning.  Comn 
roken^to  seven  elements  including  the  overaU  subsystem  design.  Each  element  incli 
costs  (ODC)  such  as  computer  charges  and  subcontract  costs.  The  Spacecraft  Bus  Des 
Identified  elements,  and  includes  design  of  the  thermal  and  structural  model. 

It  should  be  noted  that  the  TSM  has  been  included  in  the  WBS  to  achieve  a consemmtive 
pnncipaUy  the  impact  of  the  large  deployable  antenna  and  the  complete  redesign  requir 
equipment  panels.  The  actual  need  for  a TSM  must  be  reevaluated  at  a later  time  in  th< 
craft  programs  that  may  be  acquired  by  GE. 

Spacecraft  Integration  and  Test  Design  and  Planning  includes  principally  the  packaging  < 
panels,  the  mtegration  and  test  of  the  Thermal  Structural  Model  {TSM)  and  the  developi 
^d  test  procedures  and  plans.  Ihere  are  also  ongoing  manufacturing  and  QA  activities 
design  process  which  are  also  listed  under  WBS  1. 1. 3.3. 


DESIGN  & DEVELOPMENT (WBS  L 1.3) 


COMM 

PAYLOAD  DESIGN 
1.1.3.1 


SUBSYSTEM  DESIGN 
1.1.3.1.1 


RECEIVER  ASS'Y 
1.1.3.1.2 


MUX,  FILTERS, 
SWITCHING  ASS'Y 
1.1 .3.1.3 


SS-TDMA  ASS'Y 
1.1.3.1.4 


PROCESSOR  ASS'Y 
1.1.3.1.5 


DRIVER  ASS'Y 
1.1.3.1.6 


EPC  (TWT  PSJ 
1.1.31.7 


ANTENNA 
1.1. 3.1.8 


DESIGN  & DEVELOPMENT 
1.1.3 


S/C  BUS  DESIGN 
1.1.3.2 


STRUCTURE  {INCLUDING 
ANTENNA  REFLECTOR) 
1.1.3.2.1 


ACS 

1.1.3.2.2 


TT&C 

1.1.3.23 


ELECTRICAL  POWER 

SYSTEM 

1.1.3.2.4 


THERMAL 

1.13.Z5 


S/C  INTEGRATI(yAI  ANDTESl 
DESIGN  AND  PL/iNNING 
1,1.33 


SPACECRAFT  DESIGN 
1.133.1 


TSM  INTEGRATION 

&TEST 

1.13.3.2 


MFG.  SUPPORT 
1.1333 


PRODUCT  ASSURANCE 

SUPPORT 

1.1.33.4 


S/C  ASS'Y  & TEST 

PROCEDURES 

1.133.5 


It 
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COMAIUNICATiONS  PAYLOAD  (WBS  1.1. 3.1) 


The  seven  communications  payload  elements  previously  designed  are  broken  further  into  their  contituent  parts  as 
required  by  NASA  and  to  permit  detailed  costing  of  the  payload.  The  breakdown  identifies  subcontracts,  a major 
portion  of  pa3>’load  costs.  The  antenna  reflector  is  in  parenthesis  because  its  design  cost  is  included  under  the  space- 
craft bus. 


The  processor  includes  the  EDMA  MUX,  which  is  not  part  of  the  present  POC;  there  is  also  a frequency  converter  to 
interface  the  satellite  6 GHz  IF  to  the  processor. 
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•■i  COMMUNICATIONS 
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SUBSYSTEM 

DESIGN 


-Mjsa  hardware 

(HARNESS/CABLES) 

-INTERFACE 
DEFINITION  & 
CONTROL 

-TWT^iMPATT 


RECEIVING 

ASSY 

1.13.1a 


•LNA& 

REGULATOR 

-MIXER  ASSY 

-LOASSY 

“IFA 


1 

MUX.  FILTERS 

1 

SSTDMA 

SWITCH  ASSY 

ASSY 

1.13.13 

's — ' — 

1.13.1.4 

L 

HNPUTBPF  hSWITCH 


-CHANNEL  FILTERS  HXlNTBOLLcB 
-OUTHJT  FILTEf^ 

Km  band  SWITCHES 

RECEIVER  "T'’ 

SWITCHES 

•TRAN^ITTER 

SWITCHES 


♦HARDWARE  AND  SOFTWARE  AND  TEST  EQUIPMENT  DEVELOPMENT 
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PAYLOAD  (WBS  L L3. 1) 


MUN1CATI0N 

PAYLOAD 

1.13.1 


FROCESSOR 

ASSY 

1.13.13 


i>ROCESSOR* 

■IXNTROLIER 

-MUX 


PROTOFIIGHT  SPACECRAFT  (WBS  1.1.4) 


a new  ca^o^ 1 f sf'  Development  <WBS  1. 1. 3)  except  that 

PA  aupport  as  previoualy  and  e^^St  , I general  manutactarjng  and 

night  Spacecraft  (WBS  1. 1. 5)  is  identical  to  the  Protoni^r-  P'”®  insnrance).  Note  that 

WBS  1.1.4.3  are  omitted.  ' *^  *“'“*'** '“ ‘^e  “ WBS  elements,  however  for  the  ROM,  costs  related  to 


MISSION  OPERATIONS  SYSTEM  (MOS),  (WBS  2.0) 


Tlie  MOS  is  divided  into  launch  and  on  orbit  elements.  A NASA  S-iband  launch  is  assumed,  making  maximum  use  of  i 

NASA  facilities  personnel  and  software.  Items  which  are  part  of  MOS  but  are  not  charged  to  the  Program  (to  either  ””  j 

the  contractor  or  to  LeRC  directly)  are  indicated  in  parentheses.  Hence,  under  Launch  ^stem  (WBS  2.1)  Laimch  w j 

Computer  Services  including  basic  laxmch  software  for  orbit,  attitude  control  and  motor  firing  and  associated  personnel  | 

are  available.  STDN  services  for  sync  orbit  NASA  missions  in  the  1987  time  frame  are  expected  to  be  available  at  ^ 

no  charge.  The  Launch  Team  provided  by  Code  500  GSFC  must  be  augmented  by  contractor  personnel  and  is  not 
charged.  Contractor  launch  support  to  Code  500  (principally  various  spacecraft  consultants)  is  provided  by  WBS  2.1.5. 

Launch  Software  Set  (WBS  2,1.6)  provides  satellite  sensor  calibration  and  geometry,  and  T&C  processing  and  1 

calibration.  Launch  Procedures  (WBS  2. 1. 7)  involves  the  development  of  a launch  plan,  including  contingency  plans.  u j 

Planned  trajectories,  launch  windows,  tracking  earth  station  visibility  times,  elevation  and  acceleration  etc.  are  I 

typical  portions  of  the  launch  plan.  Mcst  of  the  work  is  performed  by  Code  500  but  is  chargeable  to  the  Program. 

The  cost  (ROM)  for  developing  the  Laxmch  Plan  is  based  however  on  assumption  of  a contractor-only  team. 

i 

The  On  Orbit  (WBS  2.2)  elements.  Fixed  TAG,  SCO  and  Orbital  Software  are  available  at  GSFC,  however  personnel  to 

operate  these  facilities  are  provided  for  by  Item  2. 2. 5 which  assumes  24  hour  a day  satellite  surveillance.  Another  « 

sateEite  software  package  for  on-orbit  operations  is  provided  for  by  element  2.2.4. 
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ELECTRIC 


MISSION  OPERATIONS  SYSTEM  (WBS  2.0) 


SPACE  SYSTEMS  DfVtSION 


LAUNCH  SYSTEM 


ON  ORBIT  SYSTEM 


■2.1.1  STDN  SYSTEM  (NASCOM) 

2. 1.2 {LAUNCH  COMPUTER  SERVICES  - GSFC) 

2.1.3  LAUNCH  SITE  CHECK  OUT,  ETR 

2.1.4  (LAUNCH  TEAM  - LAUNCH 
S REHEARSALS) 

2.1.5  CONTRACTOR  LAUNCH 
SUPPORT 

2.1.6  LAUNCH  SOFTWARE  SET 


•2.2.1  (FIXED  TTAC  EQUIP 
RF  & BASEBAND) 

■2.2.2  (SATELLITE  CONTROL  CENTER) 

2.2.3  (ORBITAL  SOFTWARE) 

2.2.4  SATELLITE  CALIBRATION  € DIAGNOSTIC 
SOFTWARE  SET  (LAUNCH  & ON  ORBIT) 

2.2.5  see  OSM 


2.1.7  LAUNCH  PROCEDURES 

2.1.8  (SATELLITE  CONTROL  FACILITY) 
(GSFC) 


GROUND  SYSTEMS  (WBS  3.0) 


Ground  ^sterns  identifies  a Depot  and  Propagation  Experiment  whicli  aire  not  part  of  this  procurement.  The  MCC 
and  earth  stations  located  in  Cleveland  make  use  of  available  NASA,  buildings  and  utilities.  The  MCC  includes  a 
minicomputer  and  software  necessary  to  provide  CPS  signalling  and  svritching,  automatic  respoi^e  to  trunk  and  CPS 
system  fades  and  SS-TDMA  and  processor  control  reconfiguration,  and  monitoring  and  diagnostics.  Procedures 
relate  to  standard  configurations  of  the  spacecraft  and  to  the  performance  of  satellite  in  orbit  communications  testing 
using  test  equipment  and  the  trunking  terminal.  Costs  include  equipment  costs,  installation  and  checkout,  O&M  for 
two  years  and  spare  parts  for  two  years.  These  items  are  further  identified  in  subsequent  pages. 


MASTER  CONTROL  CENTER  (WBS-3.1) 


The  MCC  is  composed  of  the  elements  feSes^OT^^t^^S^riist^^^  are  assumed  to  be 

pa-,  an.  e..pn.en.  U,ouU. 


DOCUMENTATION 

3.1.11.1 


CPS  TERMINALS  (WBS  3.2) 


The  CPS  terminal  WBS  is  identical  to  that  of  the  MCC  and  applies  either  to  the  TDM  CPS  terminal  ^o  operate  with  the 
scanner-processor),  or  to  the  Option  2 FDMA  terminal. 
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TERMINAL 

INSTALLATION 

ACQUISITION 

e CHECKOUT 

3.2.1 

3.2 

.2 

I 

1 

rRF/IF 

3,2. 1.1 


- SURVEY 
3. 2. 2.1 


-BASEBAND 
EQUIPMENT 
3.2. 1.2 


-MISCELLANEOUS 
EQUIPMENT 
3.2. 1.3 


- IMPROVEMENT 

3.2. 2.2 

-LICENSING 

3.2.2.3 

— INSTALLATION 

3.2.2. 4 


(FACILITIES 
3.  2. 1.4) 


(UTILITIES 
3.  2.1.5) 


TEUNKING  TERMINAIi  (WBS  3.3) 


The  Trunking  Terminal  WBS  is  identical  to  that  of  the  MCC  except  for  the  requirement  for  Installation  and  Checkout 
(WBS  3.3.2)  for  the  main  site,  diversity  site  and  the  fiber  optic  initerconnect. 


(WBS-3.3) 


RISK  ASSESSMEOT 

implementation  of  adequate  redundancy  and  adequacy  of  workar^tLsc^“^  qualifications  of  new  parts, 

of  ground  test  results  in  orbit  so  Ibat  the  mission  elective  f ^sure  ihe  duplication 

system  - can  be  accomplished,  even  for  a high  techioloav  satellitri^r'°^?  Ka-band  technology  and  related 
delays  caused  by  late  part  deliveries  or  equipLnt  ^wSis  Mvf  ^ one  presently  considered.  Schedule 
technology  programs.  When  it  is  realized  ibat  a spacecraft  proeJL  can  ^^^oult  to  overcome  on 

doUars  a week,  delays,  for  any  reason  can  be  both  frustratine  spending  rates  exceeding  a milfion 

?"ptec?p^^^^^^^  --y  - to  no  a^il 

has  “ioimi^leve^2^'''iS^^SereTcerh^^^^  so  that  the  contractor 

is  required.  Procurement  problems  of  these  tvoes  acconnf  fh  • ^pensive  if  a chip  modification  or  new  part 
®aee  programs  particularly  those  involving  nX  or  advanced  increased  schedules  of  recent 

^as  of  concern  can  be  divided  hehvem.  .,my..  areas  and  ..cthert.  arras.  .*ey.  areas  based  cn  GE  recent  experience 

• TWT's 

• Processor  hardware,  software  and  test  equipment 

progranfto  include  herein  which  extends  the  present  TWT  POC 

will  be  able  to  order  fli^t  model  TWT»s  accordinff  fo^-rt-  n aud^mitiation  of  life  tests.  The  spacecraft  contractor 

presently  avafiable  to  tolerate  delays  in  qualification  ^Hisk  if  s^cmeation  and  adequate  sche<ide  margin  is 

program.  As  a minimum  NASA  shLf  oreseft  diminished  by  the  processor  transmon 

test  a complete  brassboard,  develop  detafied  oerformanrA  a qualify  all  new  chips  and  parts,  build  and 

equipment  and  software.  tW  Iqf pfeS^d  fo^^e  f Iff  (fimction^)  operating  specificathms  and  related  test 
operatingfunctions  and  modes  anTrperf<^  its 

stiil  renire  the  contractor  to  execute  detailed  planning  coor^tic^ 
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RISK  ASSESSMENT  (Continued) 


"Other"  areas  of  concern  are  the  following: 


o band;  mixer  diodes,  multiplier  diodes,  ring  switches  and  fonctional  switches,  VPD’s,  ferrite 
• GaAs  FET  switch  (SS-TDMA)  and  IF  amplifiers 


• IC  chips  for  processor  and  SS-TD^IA  control  and  miscellaneous  control 


A complete,  detaUed  design  and  early  long  lead  procurement  are  mutuaRy  inconsistent  and  some  program  compromises 
obriously  needed.  SInee  any  one  eingle  Item  ean  eanse  eehedele  havoc  and  expensive  norkarold^“etoS^^r 
^ resoTt  agum  to  carefill  planning,  coordination  and  surveiliance  of  the  design  and  procurement 
processes  and  not  to  assume  uniform  success  in  each  subsystem.  Schedules  and  costs  for  the  Demonstration  Sy^m 
^e  therefore  based  on  GE's  DSCS-m  e^rience,  .suitably  modified  to  account  for  different  technolo^es 

Sum^araXn!^^  ^d  d^erent  procurement  methods.  The  present  POC  program  involving  LNR,  IMPATT  ^d 
StaH^Sto^^  ’ (mcludmg  'V  PD‘s)  development  is  probably  sufficient  if  piece  parts  are  available  early  for  space 


r-rn:.^ 


n ' '5 


COST  DRIVERS,  SPACE  SEGMEJ3T  (1981  DOLIARS) 

cost  drivers  are  assessed  rising  the  detailed  cost  estimates  prepared  for  the  June  1981  computed  by^ 

method  from  on  going  programs  and  taking  into  account  improved  performance,  p^ts  qpanttttes,  c^exiiy  an 
sign  uncertainties.  Cost  drivers  for  this  payload  and  for  the  space  craft  bus  can  be  evaluated  separately. 

•Viewed  this  way  the  space  craft  bus  cost  drivers  do  not  appear  to  he  significant  or  unusual, 

craft  bus  was  defined  bv  NASA  to  be  a minimum  effort,  e.g. , maximum  use  was  made  of  m available  space  c^  b 
and  parts,  but  mostly  because  the  space  craft  bus  requirements  were  truly  minimal,  to  tMs  case  the 
arrangement  w quires  the  deployment  of  a 10  foot  ^erture,  generation  of  1100  watts 

diurnal  changes  in  dissipated  power  (including  use  of  heat  pipes)  and  pointing  accuracy  of  . 05  . These  ^ 

stantiaUy  different  from  current  space  craft  requirements,  for  example,  ^ eoutoeX 

craft  bus  non-recurring  costs  of  $32,261K,  48%  is  devoted  to  redesigning  f P®®^®  f ® 

nanels  and  planning  revised  integration  and  test  procedures.  15.4%,  and  15.1%  respechvely  of  tte 

bus  cost  (neglecting  program  management  and  systems  engineering  costs)  axe  required  to  _ 

and  enlarge  and  strengthen  the  structure  and  design  the  10  foot  reflector  and  power  hinge.  l\ith  ireg^  to 

costs  of  the  spacecraft  bus  31%  of  the  total  cost  is  required  for  attitude  control  and  propulsmn,  2Z^  for  ^im^ 

19  0%  for  po'^r  and  regulation.  Consequently  when  cost  drivers  are  considered  with  regard  to  the  specified  payl^ 
fitter  no^urrtog  or  reourrteg  space  craft  bus  are  stgatflcantly  affected,  e.g.,  tbere  are  uo  cost 

drivers  in  the  space  craft  bus  relatable  to  die  payload  configuraticp. 

The  payload  is  a different  situation  because  of  the  high  non-recurring  and  recurring  ccsts  of 

subsystems  52%  of  the  payload  design  cost  of  $37, 057K  Inyolyes  the  processor  of  lAicn  approm^ly  ^5,  OMK  is  a 
SuSon^t'cost  for  engiSLing  and  Sal  model  processors,  spare  parts,  test  equipment  and  s^-are.  16  8%  of  the 
payload  design  cost  of  $37, 057K  involves  the  antenna  of  which  over  $3,  OOOK  is  a subcontract  cost  for  V esign, 

qual  models,  and  spares. 

Recurring  payload  costs  of  $19. 8(KK  show  less  dramatic  effects,  even  so,  33%  of  the  t<^ 

nrocessor  tocluding  a $5,  OOOK  subcontract  cost,  and  21.4%  Inyolves  the  antenna,  including  a $1,900K  subcontrart^ 
for  At  this  poJt  Li  time  there  is  considerable  uncertain^  with  regarf  to  the  processor  coste  ^^e  the 

earfostage  in  its  development  and  the  lack  of  speomcations  and  statements  of  work  mces^  to  ^me  it  ft  is 
fote«Sto  that  iceptfor  the  antenna  cost,  the  cost  of  the  sul^mm  ^ 

being  only  5.5%  of  the  payload  non  recurring  cost  and  2%  of  the  recurring  payioad  cost.  The  cost  for  TDMA  is  not  in 

the  satellite. 


COST  DRIVERS,  SPACE  SEGIVEENT  (1981  DOLLARS)  (Continued) 


Viewing  total  costs,  payload  costs  are  40%  of  the  estimated  satellite  recurring  cost  of  $50M  including  a pro  rated 
share  of  program  management  and  systems  engineering)  and  35%  of  the  satellite  non  recurring  cost  of  $107M  (including 
a pro  rated  share  of  program  management,  system  engineering  and  AGE).  These  costs  are  a reflection  of  added  design 
and  management  requirements  for  Ka-band  systems  (which  of  course  are  new),  and  for  the  processor  and  scanning 
antenna,  (large  reflector  and  VPD  costs).  Both  non  recurring  and  recurring  costs  (in  constant  dollars)  will  diminish 
for  operational  systems  as  industry  gains  experience  with  the  new  technology.  The  processor  is  lihely  to  remain  a 
costly  item  (cost  driver)  in  a satellite  because  of  its  inherent  complexities,  difficulty  in  providing  true  functional 
redundancy  and  the  parts  procurement  problem  described  previously.  The  scanning  antennas  also  will  be  a cost 
driver  because  of  the  cost  of  VPD's  and  the  cost  of  the  large  deployable  reflector. 


COST  DRIVERS,  GR013ND  SEGMENT  (198X  DOLLARS) 


Cost  drivers  caa  be  assessed  for  the  three  Drincinal  f t • x 

terminal  nonrecurring  cost  of  $3680K  aUocates  51  to  the  CPS  terminal  and  MCC.  Trunking 

burst  MODEM  development.  Heductiof^tf  bSt  S 

costs.  However,  the  5 meter  antenna  is  likely  to  be  the  minu^t^fs^r^  si*s^tially  reduce  MODEM  development 
$3. 507M  for  first  unit  cost  27%  is  required  for  facilities  iinciudiTifr  h trunfcmg  applications.  Of  the 

management  and  systems  engineering  17%  for  RP  interconnect),  32%  for  program 

is  not  operational  no  multiplSTor  in5rfSe  S^pLT  w^^  * equipment.  Since  the  terminal 

trunking  station  equipment  cost,  is  included^  Recur  riff  ^oi  al3!^^  ^ substantial  portic»  of  the  total 

and  because  of  the  method  of  procurement  it  is  intereffiria-  fn  H ^igiier  because  ot  the  newness  of  the  technology 
station  is  not  significant.  ® mterestmg  to  note  that  the  relative  cost  of  TDMA  in  a tnmMng  eartf 


CPS  terminal  nonrecurring  cost  of  $1527K  alloeate«?  7*;cr  rpr-j-.  - . 

rate  MODEM).  Ofthe$8S5K  cost  of  thetet^V30?xs^aU^^^  <fevelopment  (principaUy  the  aggregate 

24, 0/c  to  RP  including  antenna,  and  15%  to  TDMA ' control  and  disnla  tr  ^nagement  and  systems  engineering, 

rate  operation  (27.5  IVibps  to  220  Mbps)  imply  substantial  cost<?  ^ equipment.  The  implications  of  the  hi^  burst 
cost,  are  M^er  because  o(  tte  aewuLs 

With  application  of  'learning  factors"  it  appears  unlikel^h^jf  ^ method  of  procurement.  However,  even 

(1981  dollars).  earth  station  could  cost  less  than  $500K 


and  periphLato^d  for^softlSrSvijpmM^^  engineering  2. 7%  is  computer 

compensation  and  processor/scanner  configuraLn  for  CPS  aLTcontrT^f  d®  network:  signalHng,  switching,  fade 

...r.rtbeHCCaiatbtsts^r.^Ct=^^^ 
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